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Absorption Spectra.

PLATE |I.

Oxyhaemoglobin.

Hasmoglobin.

Carboxy-
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haemoglobin.
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Absorption Spectra.

PLATE Il

Reduced Alkali
Haematin or
Haemochromogen.

Acid Haematin in
ethereal salution.

Acid Haemato-
parphyrin.

Alkaline
Haematopor-
phyrin.

Urobilin or Hydro-
bilirubin in acid
solution.

Urobilin or Hydro-
bilirubin in allkaline
solution after the
addition of zinc
chloride solution.

Bilicyanin or
Cholecyanin in
alkaline solution.
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p- PHYSIOLOGICAL CHEMISTRY.

(¢) Galactose.
2. Pentoses, C;H,,0;.
(a) Arabinose.
(b) Xylose.
(¢) Rhamnose (Methyl-pentose), CgH;,05.
II. Disaccharides, C;.H4,0,,.
1. Maltose.
2. Saccharose.
3. Iso-Maltose.
4. Lactose.
ITI. Trisaccharides, C,sH ;.0;,.
1. Raffinose.
IV. Polysaccharides, (C;H;,0;5) x.
1. Starch Group.
(a) Starch.
(b) Inulin.
(c) Glycogen.
(d) Lichenin.
2. Gums and Vegetable Mucilage Group.
(a) Dextrin.
(b) Vegetable Gums.
3. Cellulose Group.
(a) Cellulose.
(b) Hemi-Cellulose.

Each member of the above carbohydrate classes, except
the members of the pentose group, may be supposed to con-
tain the group Cg;H,,0; called the saccharide group. The
polysaccharides consist of this group alone taken a large num-
ber of times, whereas the disaccharides may be supposed to
contain two such groups plus a molecule of water, and the
monosaccharides to contain one such group plus a molecule
of water. Thus, (C;H,,0O;)x == polysaccharide, (CzH,;,05)5
4+ H,O = disaccharide, C;H,,0; + H,O — monosaccharide.
In a general way the solubility of the carbohydrates varies
with the number of saccharide groups present, the substances
containing the largest number of these groups being the least






4 PHYSIOLOGICAL CHEMISTRY.
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(For further discussion of dextrose see section on Hexoses,
page 3.)

ExPERIMENTS ON DEXTROSE.

1. Solubility.—Test the solubility of dextrose in the * ordi-
nary solvents” and in alcohol. (In the solubility tests
throughout the book we shall designate the following solvents
as the “ ordinary solvents”: H,O; 10 per cent NaCl: o.5
per cent Na,CO;; 0.2 per cent HCI; concentrated KOH;
concentrated HCI.)

2. Molisch’s Reaction.—Place approximately 5 c.c. of
concentrated H,SO, in a test-tube. Incline the tube and
slowly pour down the inner side of it approximately § ec.c.
of the sugar solution to which 2 drops of a-naphthol solu-
tion (about 15 per cent alcoholic solution) has been added,
so that the sugar solution will not mix with the acid. A
reddish-violet zone is produced at the point of contact. The
reaction is due to the formation of furfurol,

HC C-CHO,

Wl
O

by the acid. The test is given by all bodies containing a car-
bohydrate group and is therefore of very little practical im-
portance.






PLATE III.

Osazoxs,

Upper form, dextrosazon; central form, maltosazon: lower form, lactosazon.






6 PHYSIOLOGICAL CHEMISTRY.

4. Cipollina’s Test.—Thoroughly mix 4 c.c. of dextrose
solution, 5 drops of phenylhydrazin (the base) and 2 c.c.
of glacial acetic acid in a test-tube. Heat the mixture for
about one minute over a low flame, shaking the tube con-
tinually to prevent loss of fluid by bumping. Add 4-5 drops
of sodium hydroxide (sp. gr. 1.16), being certain that the
fluid in the test-tube remains acid, heat the mixture again
for a moment and then cool the contents of the tube. Ordi-
narily the crystals form at once, especially if the sugar solu-
tion possesses a low specific gravity. If they do not appear
immediately allow the tube to stand at least 20 minutes before
deciding upon the absence of sugar.

Examine the crystals under the microscope and compare
them with those shown in Plate III, opposite page 5.

5. Precipitation by Alcohol.—To 10 c.c. of g5 per cent
alcohol add about 2 c.c. of dextrose solution. Compare the
result with that obtained under Dextrin, 7, page 28.

6. Iodine Test.—Make the regular iodine test as given
under Starch, 5, page 24, and compare this result with the
results obtained with starch and with dextrin.

7. Diffusibility of Dextrose.—Test the diffusibility of dex-
trose solution through animal membrane, or parchment paper,

Fic. 1.

DiaLyzinc APrPanaTus ForR STupeExTs’ USE.

making a dialyzer like one of the models shown in Fig. 1,
above.
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Cu
Cu—O0H %8
= 01 H.0.
Cu—OH 7
Cu
Cuprous hydroxide Cuprous oxide,
{vellow). (brownish-red).

The chemical equations here discussed are exemplified in
Trommer’s and Fehling’s tests.

(@) Trommer's Test—To 5 c.c. of sugar solution in a
test-tube add one-half its volume of KOH or NaOH. Mix
thoroughly and add, drop by drop, a very dilute solution of
cupric sulphate. Continue the addition until there is a slight
permanent precipitate of cupric hydroxide and in consequence
the solution is slightly turbid. Heat, and the cupric hydroxide
is reduced to yellow cuprous hydroxide or to brownish-red
cuprous oxide. If the solution of cupric sulphate used is too
strong a small brownish-red precipitate produced in a weak
sugar solution may be entirely masked. On the other hand,
particularly in testing for sugar in the urine, if too little
cupric sulphate is used a light-colored precipitate formed by
uric acid and purin bases may obscure the brownish-red pre-
cipitate of cuprous oxide. The action of KOH or NaOH
in the presence of an excess of sugar and insufficient copper
will produce a brownish color. Phosphates of the alkaline
earths may also be precipitated in the alkaline solution and
be mistaken for cuprous hydroxide. Trommer’s test is not
very satisfactory.

(b) Fehling’s Test—To about 1 c.c. of Fehling’s solution®

! Fehling's solution is composed of two definite solutions—a cupric
sulphate solution and an alkaline tartrate solution, which mav be prepared
as follows:

Cupric sulphate solution = 34.64 grams of cupric sulphate dissolved in
water and made up to 500 c.c.

Alkaline tartrate solution — 125 grams of potassium hydroxide and
173 grams of Rochelle salt dissolved in water and made up to 500 c.c.

These solutions should be preserved separately in rubber-stoppered bot-
tles and mixed in equal volumes when needed for use. This is done to
prevent deterioration.
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reagent! and boil two or three minutes. The solution will
darken if reducing sugar is present and upon standing for a
few moments a black color will appear. This color is due to
the precipitation of bismuth. If the test is made on urine
containing albumin this must be removed, by boiling and
filtering, before applying the test. It i1s claimed by Bechold
that Nylander’s and Boettger's tests give a negative reaction
with solutions containing sugar when mercuric chloride or
chloroform is present, a claim which Zeidlitz has very recently
shown to be incorrect.

A positive Nylander or Boettger test is probably due to the
following reactions :

(a) Bi(0OH),NO, - KOH—Bi(0H), 4 KNO,.
(b) 9Bi(0OH), — 30 — Bi, 4 3H,0.

Fic o 10. Fermentation Test.—“ Rub
up” in a mortar about 20 c.c. of
the sugar solution with a small
piece of compressed yeast. Transfer
the mixture to a saccharometer
(shown in Fig. 2) and stand it aside
in a warm place for about twelve
hours. If the sugar is fermentable,
alcoholic fermentation will occur and
carbon dioxide will collect as a gas
in the upper portion of the tube.
On the completion of fermentation
introduce a little potassium hydrox-
ide solution into the graduated por-
tion by means of a bent pipette,
place the thumb tighily over the
o opening in the apparatus and invert
Einmory Saccmamomerze. Lh€ saccharometer. Explain the me-
sult.

' Nylander’s reagent is prepared by digesting 2 grams of bismuth sub-
nitrate and 4 grams of Rochelle salt in 100 c.c. of a 10 per cent potas-
sium hydroxide solution. The reagent is then cooled and filtered.

R I O T
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L
("1]:} — P i

in which

» — sodium light.

a == observed rotation in degrees.

p=—grams of substance dissolved in 1 c.c. of liquid.

| = length of the tube in decimeters.
If the specific rotation has been determined and it is desired
to ascertain the per cent of the substance in solution, this
may be obtained by the use of the following formula,

if

f}={“)»'f.

The value of p multiplied by 100 will be the percentage of the
substance in solution.

An mstrument by means of which the extent of the rota-
tion may be determined is called a polariscope or polarimeter.
Such an instrument designed especially for the examination
of sugar solutions is termed a saccharimeter or polarizing sac-
charimeter. The form of polariscope shown in Fig. 3, below,

Fic. 2.

i
Oxe ForMm oF LavrexT POLARISCOPE.

B, Microscope for reading the scale; C, a vernier; E, position of the
analyzing Nicol prism; H, polarizing Nicol prism in the tube below this
paint.
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horizontal sliding scale by the value of the division expressed
in terms of dextrose. The value, in terms of dextrose, of each
of the divisions on the scale of the Laurent saccharimeter used
in the laboratory of physiological chemistry at the University

PoLariscore (ScHMIDT Axp Hinsca MobpeL).

of Pennsylvania is 0.2051. This factor may vary according
to the instrument. \
CH.,OH

|
LZEVULOSE, ( {leOH i

cO

I

CH,OH

As already stated, levulose, sometimes called fructose or
fruit sugar, occurs widely disseminated throughout the plant
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Pentoses, C,H,,0..

In plants and more particularly in certain gums, very com-
plex carbohydrates, called pentosans, occur. These pentosans
through hydrolysis by acids may be transformed into pentoses.
Pentoses do not ordinarily occur in the animal organism, but
have been found in the urine of morphine habitués and others,
their occurrence sometimes being a persistent condition with-
out known cause. They are non-fermentable, have strong
reducing power, and form osazons with phenylhydrazin.
Pentoses are an important constituent of the dietary of her-
bivorous ammals. Glycogen 1s said to be formed after the
ingestion of these sugars containing five carbon atoms. On
distillation with strong hydrochloric acid pentoses and pen-
tosans yield furfurol, which can be detected by its character-
istic red reaction with aniline-acetate paper.

(FJHEOH
ARABINOSE, {{FHOH) o
CHO

Arabinose, one of the most important pentoses, may be ob-
tained from gum arabic, plum or cherry gum by boiling for
several hours with 1—2 per cent sulphuric acid. It is dextro-
rotatory, forms an osazon and has reducing power.

EXPERIMENTS ON ARABINOSE.

1. Tollens’ Reaction.—To equal volumes of arabinose
solution and hydrochloric acid (sp. gr. 1.09) add a little phlor-
oglucin and heat the mixture on a boiling water-bath. Galac-
tose, leevulose, pentose or glycuronic acid will be indicated by
the appearance of a red color. To differentiate between these
bodies make a spectroscopic examination and look for the
absorption band between D) and E given by pentoses and gly-
curonic acid. Differentiate between the two latter bodies by
the melting-points of their osazons.
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charides formed in the hydrolysis of more complex carbohy-
drates, ¢. g., maltose and iso-maltose.

The disaccharides have the general formula C,,H,.,0,,, to
which, in the process of hydrolysis, a molecule of water is
added causing the single disaccharide molecule to split into
two monosaccharide (hexose) molecules.

All of the more common disaccharides except saccharose
have the power of reducing certain metallic oxides in alkaline
solution, notably those of copper and bismuth. This reducing
power is due to the presence of the aldehyde group (— CHO)
in the sugar molecule.

MALTOSE, C,.H..O,,.

Maltose or malt sugar is formed in the hydrolysis of
starch through the action of a ferment, diastase, contained in
sprouting barley or malt. Certain enzymes in the saliva and
in the pancreatic juice may also cause a similar hydrolysis.
Maltose is also an intermediate product of the action of dilute
mineral acids upon starch. It is strongly dextro-rotatory, re-
duces metallic oxides in alkaline solution and is fermentable
by veast after being inverted (see Polysaccharides, page 21)
by the enzyme maltase of the yeast. In common with the
other disaccharides, maltose may be hydrolyzed with the for-
mation of two molecules of monosaccharide. In this instance
the products are two molecules of dextrose. With phenylhy-
drazin maltose forms an osazon, maltosazon.

EXPERIMENTS ON MALTOSE.

1—11. Repeat these experiments as given under Dextrose,

pages 4—11.
150-MALTOSE, C,,H,,0,,.

Iso-maltose, an isomeric form of maltose, is formed, along
with maltose, by the action of diastase upon starch paste, and
also by the action of hydrochloric acid upon dextrose. Italso
occurs with maltose as one of the products of salivary diges-
tion. It is dextro-rotatory and with phenylhydrazin gives an
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distributed in plants, particularly in the sugar cane, sugar
beet, sugar millet and in certain palms and maples.

Saccharose is dextro-rotatory and upon hydrolysis, as be-
fore mentioned, the molecule of saccharose takes on a mole-
cule of water and breaks down into two molecules of mono-
saccharide. The monosaccharides formed in this instance are
dextrose and lavulose. This is the reaction:

OmHzEOu o HEC' = OpH, 05 = GEHIEOH-

Saccharose. Dextrose, Lzvulase.

This process is called inversion and may be produced by weak
acids, ferments and bacteria. After this inversion the pre-
viously strongly dextro-rotatory solution may be lzvo-
rotatory. '

Saccharose does not reduce metallic oxides in alkaline solu-
tion and forms no osazon with phenylhydrazin. It is not fer-
mentable directly by yeast, but must first be inverted by the
ferment invertin contained in the yeast.

EXPERIMENTS ON SACCHAROSE.

1-11. Repeat these experiments according to the directions
given under Dextrose, pages 4—11.

12. Inversion of Saccharose.—To 25 c.c. of saccharose
solution in a beaker add 5 drops of concentrated HCI and boil
one minute. Cool the solution,. render alkaline with solid
KOH and upon the resulting fluid repeat experiments 3 (or
4) and 9 as given under Dextrose, pages 5, 6 and 7. * Explain
the results.

13. Production of Alcohol by Fermentation.—Prepare a
strong (10-20 per cent) solution of saccharose, add a small
amount of egg albumin or commercial peptone and introduce
the mixture into a bottle of appropriate size. Add yeast, and
by means of a bent tube inserted through a stopper into the
neck of the bottle, conduct the escaping gas into water. As
fermentation proceeds readily in a warm place the escaping
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enzymes or weak acids the polysaccharides may be hydrolyzed
with the formation of monosaccharides. = As a class the poly-
saccharides are quite insoluble and are non-fermentable until
inverted. By inversion is meant the hydrolysis of disaccharide
or polysaccharide sugars to form monosaccharides, as indi-
cated in the following equations:-

(a) C,.H,,0,, + H,0=2(C,H,,0s).
(E") CGHIGOE - H:O —_— CuHuOﬁ*

starcH, (C,H,,0;).

Starch is widely distributed throughout the vegetable king-
dom, occurring in grains, fruits and tubers. It occurs in
granular form, the microscopical appearance being typical for
each individual starch. The granules, which differ in size
according to the source, are composed of alternating concen-
tric rings of granulose and cellulose. Ordinary starch is in-
soluble in cold water, but if boiled with water the cell walls are
ruptured and starch paste results.

Starch is acted upon by diastatic enzymes, e. g., ptyvalin and
amylopsin, with the formation of soluble starch, erythro-
dextrin, achroo-dextrin, malto-dextrin, naltose, iso-maltose
and dextrose (see Salivary Digestion, page 34). Maltose 1s
the principal end-product of this enzyme action. Upon boil-
ing a starch solution with a dilute mineral acid a series of
similar bodies is formed, but under these conditions dexirose
is the principal end-product.

EXPERIMENTS ON STARCH.

1. Preparation of Potato Starch.—Pare a raw potato,
comminute it upon a fine grater, mix with water, and “ whip
up”’ the pulped material vigorously before straining it through
cheese cloth or gauze to remove the coarse particles. The
starch rapidly settles to the bottom and can be washed by re-
peated decantation. Allow the compact mass of starch to
drain thoroughly and spread it out on a watch glass to dry in



REvE. BARLEY. CIAT,

FiG. 13. Fic. 14. Fi6. 15.

BUCKWHEAT. Maize.

Fic. 16. Fic. 17.

Pea. WHEAT.

StarcH GRANULES FRoM Various Sources. (Lefmann and Beam.)
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the air. If so desired this preparation may be used in the ex-
periments which follow.

2. Microscopical Examination.—Examine microscopic-
ally the granules of the various starches submitted and compare
them with those shown in Figs. 7—17, page 23.

3. Solubility.—Try the solubility of one form of starch in
each of the ordinary solvents (see page 4). If uncertain
regarding the solubility in any reagent, filter and test the fil-
trate with iodine solution as given under 5 below. The pro-
duction of a blue color would indicate that the starch had been
dissolved by the solvent.

4. Iodine Test.—Place a few granules of starch in one of
the depressions of a porcelain test-tablet and treat with a drop
of a dilute solution of iodine in potassium iodide. The gran-
ules are colored blue due to the formation of so-called iodide
of starch. The cellulose of the granule is not stained as may
be seen by examining microscopically.

5. lodine Test on Starch Paste.—Repeat the iodine test
using the starch paste. Place 2-3 c.c. of starch paste' in a
test-tube, add a drop of the dilute iodine solution and observe
the production of a blue color. Heat the tube and note the
disappearance of the color. It reappears on cooling.

In similar tests note the influence of alcohol and of alkali
upon the so-called iodide of starch.

The composition of the iodide of starch is not definitely
known.

6. Fehling’s Test.—On starch paste (see page 8).

7. Hydrolysis of Starch.—Place about 25 c.c. of starch
paste in a small beaker, add 1o drops of concentrated HCI, and
boil. By means of a small pipette, at the end of each minute,
remove a drop of the solution to the test-tablet and make

* Preparation of Starch Paste—Grind 2 grams of starch powder in a
maortar ‘with a small amount of cold water. Bring 200 c.c. of water to the
boiling-point and add the starch mixture from the mortar with continuous
stirring. Bring again to the boiling-point and ‘allow it to cool. This makes

an approximate 1 per cent starch paste which is a very satisfactory
strength for general use.
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EXPERIMENTS ON INULIN.

1. Solubility.—Try the solubility of inulin powder in each
of the ordinary solvents. If uncertain regarding the solu-
bility in any reagent, filter and neutralize the filtrate if it is
alkaline in reaction. Add a drop of concentrated hydrochloric
acid to the filtrate and boil it for one minute. Render the
solution neutral or slightly alkaline with solid KOH and try
Fehling's test. What is the significance of a positive Fehling’s
test in this connection?

2. Iodine Test—(a) Place 2—3 c.c. of the inulin solution
in a test-tube and add a drop of dilute iodine solution. What
do you observe?

(b) Place a small amount of inulin powder in one of the
depressions of a test-tablet and add a drop of dilute iodine
solution. Is the effect any different from that observed above?

3. Molisch’s Reaction.—Repeat this test according to di-
rections given under Dextrose, 2, page 4.

4. Fehling’s Test.—Make this test on the inulin solution
according to the instructions given under Dextrose, page 8.
Is there any reduction??

5. Hydrolysis of Inulin—Place 5 c.c. of inulin solution
in a test-tube, add a drop of concentrated hydrochloric acid
and boil it for one minute. Now cool the solution, neutralize
it with concentrated KOH and test the reducing action of 1
c.c. of the solution upon 1 c.c. of diluted (1:4) Fehling's
solution. Explain the result.®

GLYCOGEN, (C,H,,05) .

(For discussion and experiments see Muscular Tissue,
page 206, )

* See the discussion of the properties of inulin, page 25.

*If the inulin solution gave a positive Fehling test in the last experi-
ment it will be necessary to check the hydrolysis experiment as follows:
To 5 c.c. of the inulin solution in a test-tube add one drop of concentrated
hydrochloric acid, neutralize with concentrated KOH solution and test
the reducing action of 1 c.c. of the resulting solution upon 1 c.c. of diluted

(1:4) Fehling’s solution. This will show the normal reducing power
of the inulin solution. In case the inulin was hydrolyzed, the Fehling's
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By means of a small pipette, at the end of each minute, remove
a drop of the solution to one of the depressions of the test-
tablet and make the iodine test. The power of the solution
to produce a color with iodine should rapidly disappear.
When a negative reaction is obtained cool the solution and
neutralize it with solid KOH. Try Fehling's test (see page
8). This reaction is now strongly positive, due to the forma-
tion of a reducing sugar. Determine the nature of the sugar
by means of the phenylhydrazin test (see pages 5 and 6).

5. Influence of Tannic Acid.—Add an excess of tannic
acid solution to a small amount of dextrin solution in a test-
tube. No precipitate forms. This result differs from the
result of the similar experiment upon starch (see Starch, 8,
page 25).

6. Diffusibility of Dextrin.—( See Starch, 9, page 25.)

7. Precipitation by Alcohol.—To about 50 c.c. of g5 per
cent alcohol in a small beaker add about 10 c.c. of a concen-
trated dextrin solution. Dextrin is thrown out of solution as
a gummy white precipitate. Compare the result with that ob-
tained under Dextrose, 5, page 6.

CELLULOSE, (C.H,,0;) .

This complex polysaccharide forms a large portion of the
cell wall of plants. It is extremely insoluble and its molecule
is much more complex than the starch molecule. The best
quality of filter paper and the ordinary absorbent cotton are
good types of cellulose.

EXPERIMEN TS ON CELLULOSE.

1. Solubility.—Test the solubility of cellulose in the ordi-
nary solvents (see page 4).

2. Iodine Test.—Add a drop of dilute iodine solution to a
few shreds of cotton on a test-tablet. Cellulose differs from
starch and dextrin in giving no color with iodine.

3. Formation of Amyloid.!—Add 10 c.c. of dilute and 5

*This body derives its name from amylum (starch) and is not to be
confounded with amyloid, the gluco-proteid (page 62).
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SALIVARY DIGESTION.

Tue saliva is secreted by three pairs of glands, the sub-
maxillary, sublingual and parotid, reinforced by numerous
small glands called buccal glands. The saliva secreted by
each pair of glands possesses certain definite characteristics
peculiar to itself. TFor instance, in man, the parotid glands
ordinarily secrete a thin, watery fluid, the submaxillary glands
secrete a somewhat thicker fluid containing mucin, while the
product of the sublingual glands has a more mucilaginous
character. The saliva as collected from the mouth is the com-
bined product of all the glands mentioned.

The saliva may be induced to flow by many forms of stimuli,
such as chemical, imechanical, electrical, thermal and psychical,
the nature and amount of the secretion depending, to a limited
degree, upon the particular class of stimuli employed as well
as upon the character of the individual stimulus. For example,
in experiments upon dogs it has been found that the mechanical
stimulus afforded by dropping several pebbles into the animal’s
mouth caused the flow of but one or two drops of saliva,
whereas the mechanical stimulus afforded by sand in the mouth
induced a copious flow of a thin watery fluid. Again, when
ice-water or snow was placed in the animal’s mouth no saliva
was seen, while an acid or anything possessing a bitter taste,
which the dog wished to reject, caused a free flow of the thin
saliva. On the other hand, when articles of food were placed
in the dog’'s mouth the animal secreted a thicker saliva hav-
ing a higher mucin content—a fluid which would lubricate
the food and assist in the passage of the bolus through the
cesophagus. It was further found that by simply drawing the
attention of the animal to any of the substances named above.

32
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results were obtained similar to those secured when the sub-
stances were actually placed in the animal’s mouth. For ex-
ample, when a pretense was made of throwing sand into the
dog’s mouth, a watery saliva was secreted, whereas food under
the same conditions excited a thicker and more slimy secretion.
The exhibition of dry food, in which the dog had no particular
interest (dry bread) caused the secretion of a large amount
of saliva, while the presentation of moist food, which was
eagerly desired by the anmimal, called forth a much smaller
secretion. These experiments show it to be rather difficult to
differentiate between the influence of physiological and psy-
chical stimuli.

The amount of saliva secreted by an adult in 24 hours has
been variously placed, as the result of experiment and obser-
vation, between 1000 and 1500 c.c., the exact amount de-
pending, among other conditions, upon the character of the
food.

The saliva ordinarily has a weak, alkaline reaction to
litmus, but becomes acid 2-3 hours after a meal or during
fasting. The alkalinity is due principally to di-sodium hy-
drogen phosphate (Na,HPO,) and its average alkalinity may
be said to be equivalent to 0.08 —o0.1 per cent sodium carbo-
nate. The saliva is the most dilute of all the digestive fluids,
having an average specific gravity of 1.005 and containing only
0.5 per cent of solid matter. Among the solids are found al-
bumin, globulin, mucin, urea, the enzyme ptyalin, phosphates
and other inorganic constituents. Potassium sulphocyanide,
KSCN, is also generally present in the saliva. It has been
claimed that this substance is present in greatest amount in
the saliva of habitual smokers. The significance of sulpho-
cyanide in the saliva is not known; it may come from the
breaking down of proteid.

The so-called tartar formation on the teeth is composed al-
most entirely of calcium phosphate with some calcium carbo-
nate, mucin, epithelial cells and organic debris derived from
the food. The calcium salts are held in solution as acid salts,

4
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and are probably precipitated by the ammonia of the breath.
The various organic substances just mentioned are carried
down in the precipitation of the calcium salts.

The saliva contains an enzyme known as ptyalin. This is
an amylolytic enzyme, so-called because it possesses the prop-
erty of transforming complex carbohydrates such as starch
and dextrin into simpler bodies. The so-called ferments were
formerly divided into two general groups, (1) frue ferments
or so-called organized ferments such as yeast and certain bac-
teria, which were supposed to act by virtue of vital processes;
and (2) enzymes such as ptyalin, which are non-living, un-
organized bodies of a chemical nature. Recently this distinc-
tion between true ferments and enzymes has been proven to
be incorrect since it has been shown that certain of the bodies
formerly supposed to derive their ferment activity by virtue of
their vital processes in reality secrete certain definite enzymes
which are solely responsible for their ferment activity. In no
sense is it a vital process since the ferment activity is entirely
independent of the vital processes of the cell. We may define
an enzyme as an unorganized, soluble ferment which is elabor-
ated by an animal or vegetable cell and whose activity is en-
tirely independent of any of the life processes of such a cell.

The more important enzymes may be classified, according
to the character of their action, as follows: (1) amylolytic
(starch transforming), (2) proteolytic (proteid transform-
ing'), (3) adipolytic or lipolytic (fat splitting), (4) inverting
(possesses inverting power), (5) oxidative (possesses oxidiz-
ing power), and (6) proteid coagulating.

The action of ptyalin is one of hydrolysis and through this
action a series of simpler bodies are formed from the complex
starch. The first product of the action of the ptyalin of the
saliva upon starch paste is soluble starch (amidulin) and its
formation is indicated by the disappearance of the opalescence
of the starch solution. This body resembles true starch in
giving a blue color with iodine. Next follows the formation,
in succession, of a series of dextrins, called erythro-dextrin,
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1. Microscopical Examination.—Examine a drop of un-
filtered saliva microscopically and compare with Fig. 18 below.
2. Reaction.—Test the reaction to litmus,

Microscorical CONSTITUENTS OF SALIVA.

a, Epithelial cells; b, salivary corpuscles; ¢, fat drops; d, leucocytes; ¢, f and
g, bacteria; h, i and k, fission-fungi.

3. Specific Gravity.—Partially fill a urinometer cylinder
with saliva, introduce the urinometer (see Fig. 83, page 232),
and observe the reading.

4. Test for Mucin.—To a small amount of saliva in a test-
tube add 1-2 drops of dilute acetic acid. Mucin is precipitated.

5. Biuret Test.'—Render a little saliva alkaline with an
equal volume of KOH and add a few drops of a wery dilute
(2—5 drops in a test-tube of water) cupric sulphate solution.
The formation of a purplish-violet color is due to mucin.

6. Millon’s Reaction.*—Add a few drops of Millon's re-
agent to a little saliva. A light yvellow precipitate formed by
the mucin gradually turns red upon being gently heated.

7. Preparation of Mucin.—Pour 15 c.c. of saliva into 100
c.c. of 95 per cent alcohol, stirring constantly. Cover the
vessel and allow the precipitate to stand at least 12 hours.
Pour off the supernatant liquid, collect the precipitate on a
filter and wash it, in turn, with alcohol and ether. Finally dry
the precipitate, remove it from the paper and make the follow-
ing tests on the mucin: (a) Test its solubility in the ordinary

! The significance of this reaction is pointed out on page 45.
*The significance of this reaction is pointed out on page 44.
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(b) Solera’s Reaction.—This test depends upon the libera-
tion of iodine through the action of sulphocyanide upon iodic
acid. Moisten a strip of starch paste-iodic acid test paper!
with a little saliva. If sulphocyanide be present the test paper
will assume a blue color, due to the liberation of iodine and its
subsequent formation of the so-called iodide of starch.

12. Digestion of Starch Paste.—To 25 c.c. of starch paste
in a small beaker, add 3 drops of saliva and stir thoroughly.
At intervals of a minute remove a drop of the solution to one
of the depressions in a test-tablet and test by the iodine test.
I'i the blue color with iodine still forms after 5 minutes, add
another 5 drops of saliva. The opalescence of the starch solu-
tion should soon disappear, indicating the formation of sel-
wble starch which gives a blue color with iodine. This body
should soon be transformed into erythro-dextrin which gives a
red color with iodine and this in turn should pass into achroo-
dextrin which gives no color with iodine. This is called the
achromic point. When this point is reached test by Fehling's
test to show the production of a reducing body. A body
formed coincidently with erythro-dextrin may yield a slight
response to Fehling’s test. What body 1s it? How long did
it take for a complete transformation of the starch?

13. Digestion of Dry Starch.—In a test-tube shake up a
small amount of dry starch with a little water. Add a few
drops of saliva, mix well and allow to stand. After 10-20
minutes filter and test the filtrate by Fehling’s test. What is
the result and why?

* 14. Digestion of Inulin.—To 5 c.c. of inulin solution 1n a
test-tube add 10 drops of saliva and place the tube in the
water-bath at 40° C. After one-half hour test the solution by
Fehling’s test.* Is any reducing substance present? What
do you conclude regarding the salivary digestion of inulin?

*This test paper is prepared as follows: Saturate a good quality of
filter paper with 0.5 per cent starch paste containing a little iodic acid
and allow the paper to dry in the air. Cut it in strips of suitable size
and preserve for use.

* If the inulin solution gives a reduction before being acted upon by the
saliva it will be necessary to determine the extent of this original reduc-
tion by means of a “check” test (see page 26).
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(¢) Influence of Alkali—Repeat the first four experiments
under (a) replacing the HCI by 2 per cent, 1 per cent, 0.5
per cent and o.25 per cent Na,CO,. Neutralize the alkalinity
before trying the iodine test (see Starch, 5, page 24).

(d) Nature of the Action of Acid and Alkali—FPlace 2
c.c. of saliva and 2 c.c. of 0.2 per cent HCl in a test-tube and
leave for 15 minutes. Neutralize the solution, add 4 c.c. of
starch paste and place the tube on the water-bath at 40° C.
In 10 minutes test by the iodine and Fehling’s tests and ex-
plain the result. Repeat the experiment replacing the 0.2 per
cent HCI by 2 per cent Na,CO,. What do you deduce from
these two experiments?

18. Influence of Metallic Salts, etc.—In each of a series
of tubes place 4 c.c. of starch paste and 14 c.c. of one of the
solutions named below. Shake well, add 4 c.c. of saliva to
each tube, thoroughly mix, and place on the water-bath at
40° C. for 10-20 minutes. Show the progress of digestion
by means of the iodine and Fehling tests. Use the following
chemicals: Metallic salts, 10 per cent plumbic acetate, 2 per
cent cupric sulphate, 5 per cent ferric chloride, 8 per cent
mercuric chloride; Neutral salts, 10 per cent sodium chloride,
3 per cent barium chloride, 10 per cent Rochelle salt. Also
try the influence of 2 per cent carbolic acid, 95 per cent
alcohol, and ether and chloroform. What are your con-
clusions ?

19. Excretion of Potassium Iodide.—Ingest a small dose
of potassium iodide (0.2 gram) contained in a gelatin cap-
sule, quickly rinse out the mouth with water and then
test the saliva at once for iodine. This test should be
negative. Make additional tests for iodine at 2 minute
intervals. The test for iodine is made as follows: Take
I cc. of NaNQ, and 1 cc. of dilute H,SO.* in a test-
tube, add a little saliva directly from the mouth, and a small
amount of starch paste. If convenient, the urine may also

' Instead of this mixture a few drops of HNO; possessing a yellowish
or brownish color due to the presence of HNO. may be employed.






CHAFPFTER IIL

PROTEIDS.

Proteids are a group of very complex organic substances,
constituting the most important class of food stuffs and are
widely distributed in animal and vegetable tissues. Every
proteid contains carbon, hydrogen, nitrogen, oxygen and sul-
phur, and a relatively small number contain phosphorus and
iron in addition. The percentage composition of the more
important members of the group would fall within the fol-
lowing limits: C (51 per cent to 55 per cent), H (6 per cent
to 7.3 per cent), N (15 per cent to 19 per cent), O (21 per
cent to 23 per cent), S (0.3 per cent to 2.5 per cent), and P
(0.4 per cent to 0.8 per cent when present) : Fe occurs only
in traces. The most important element of the proteid mole-
cule is the nitrogen. The human body needs nitrogen for the
continuation of life, but it cannot use the nitrogen of the air
or that in various other combinations such as we find in
nitrites, etc. However, in the proteid molecule the nitrogen
15 present in a form which is utilizable by the body.

No definite knowledge has yet been secured regarding the
constitutional formula or the molecular weight of proteid
material. The molecular weight of egg albumin has been
placed at about 15,000 and the formula for the crystallized
product has been calculated as CogoH 56N545:07¢. Many im-
portant and valuable investigations have been promoted re-
cently on the subject of the constitution of the proteid mole-
cule and our knowledge has been largely increased.

The proteids may be classified as follows:

I. SIMPLE PROTEIDS.

1. NATIVE SIMPLE PROTEIDS.

(a) Albumins—egg albumin, serum albumin and wvege-
table albumins.
|12






44 PHYSIOLOGICAL CHEMISTRY.

used in any given test. Not all proteids contain the same
groups and for this reason the various color tests will yield
reactions varying in intensity of color according to the nature
of the groups contained in the particular proteid under ex-
amination. Various substances not proteids respond to cer-
tain of these color reactions and it is therefore essential to
submit the material under examination to several tests before
concluding definitely regarding its nature.

TECHNIQUE OF THE COLOR REACTIONS.

1. Millon’s Reaction.—To 5 c.c. of a dilute egg albumin
solution in a test-tube add a few drops of Millon’s reagent.
A white precipitate forms which turns red when heated. This
test is a particularly satisfactory one for use on solid proteids,
in which case the reagent is added directly to the solid sub-
stance and heat applied, which causes the substance to assume
a red color.

The reaction is due to the presence of the hydroxy-phenyl
group, — C,H,OH, in the proteid molecule and certain non-
proteids such as tyrosin and phenol (carbolic acid) also re-
spond to the reaction. The test is not a very satisfactory one
for use in solutions containing salts, since the mercury of the
Millon’s reagent® is thus precipitated and the reagent rendered
inert.

2. Xanthoproteic Reaction.—To 2-3 c.c. of egg albumin
solution in a test-tube add concentrated HNO,. A white pre-
cipitate forms, which upon heating turns yellow and finally
dissolves, imparting to the solution a yellow color. Cool the
solution and carefully add NH,OH in excess. Note that the
yvellow color deepens into an orange. This reaction is due to
the presence in the proteid molecule of the phenyl group, with
which the nitric acid forms certain nitro modifications. The

* Millon's reagent consists of mercury dissolved in nitric acid containing
some nitrous acid. It is prepared by digesting one part (by weight) of
mercury with two parts (by weight) of HNO; (sp. gr. 1.42) and diluting
the resulting solution with two volumes of water.
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also give a positive biuret reaction. Proteid material responds
positively since there are two CONH, groups in the proteid
molecule. These groups are found in a substance called
Diuret (see page 243) which may be formed by heating wrea
£0 T8E° C.

6. Posner’s Modification of the Biuret Test.—This test
is particularly satisfactory for use on dilute proteid solutions,
and 1s carried out as follows: To some dilute egg albu-
min in a test-tube add one-half its volume of KOH solution.
Now hold the tube in an inclined position and allow some very
dilute cupric sulphate solution, made as suggested on page 43
(5). to flow down the side, being especially careful to prevent
the fluids from mixing. At the juncture of the two solutions
the typical end-reaction of the biuret test should appear as a
colored zone (see Biuret Test, page 45).

7. Liebermann’s Reaction.—Add about 10 drops of con-
centrated egg albumin solution (or a little dry egg albumin)
to about 5 c.c. of concentrated HCI in a test-tube. Boil until
a pinkish-violet color results.

PRECIPITATION REACTIONS AND OTHER
PROTEID TESTS.

There are three forms in which proteids may be precipi-
tated i. e., unaltered, as an albuminate, and as an insoluble salt.
An instance of the precipitation in a native or unaltered con-
dition is seen in the so-called salting-out experiments. Various
salts, notably (NH,).SO,, ZnSO,, MgSQO,, Na,SO, and
NaCl possess the power, when added in solid form to certain
definite proteid solutions, of rendering the menstruum ineca-
pable of holding the proteid in solution, thereby causing the
proteid to be precipitated or salted-out to use the common
term. Mineral acids and alcohol also precipitate proteids un-
altered. Proteids are precipitated as albuminates when treated
with certain metallic salts, and precipitated as insoluble salts
when certain weak organic acids are added to their solutions.
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a white zone of precipitated albumin at the point of juncture.
This is a very delicate test and is further discussed on p. 2go.

5. Roberts’ Ring Test.—Place 5 c.c. of Roberts’ reagent®
in a test-tube, incline the tube, and by means of a pipette allow
the albumin solution to flow slowly down the side. The
liquids should stratify with the formation of a white zone of
precipitated albumin at the point of juncture. This test is a
modification of Heller’s ring test and is rather more satisfac-
tory. (See page 291.) :

6. Spiegler’s Ring Test.—Place 5 c.c. of Spiegler's re-
agent® in a test-tube, incline the tube, and by means of a
pipette allow 5 c.c. of albumin solution, acidified with acetic
acid, to flow slowly down the side. A white zone will form
at the point of contact. This is an exceedingly delicate test,
in fact, too delicate for ordinary clinical purposes, since it
serves to detect albumin when present in the merest trace
(1:250,000). This test is further discussed on page 291I.

7. Jolles’ Reaction.—Shake 5 c.c. of albumin solution with
I c.c. of 30 per cent acetic acid and 4 c.c. of Jolles’ reagent®
n a test-tube. A twhite precipitate of albumin should form.
Care should be taken to use the correct amount of acetic acid.
For further discussion of the test see page 292,

8. Tanret’s Test.—To 5 c.c. of albumin solution in a test-
tube add Tanret’s reagent,* drop by drop, until a turbidity or

' Roberts’ reagent is composed of 1 volume of concentrated HNO; and
5 volumes of a saturated solution of MgSO.,
* Spiegler’s reagent has the following composition :

EQrrATIC ‘Aol . il b s e e e i e 20 grams.
Mercuric chlofide ..veessinivistmnssne ausaie sl e NN
3 ot (S e e S e L S b 000
Distilled walker ... ii i 000 “
® Jolles’ reagent has the following composition:
SUCCITNG RO 2 2w s b ik v o rara el e e 40 grams,
Mereuric chloride o coii v 200
Sodinm chloride .. s mnir e 20 *
b T T L A S BN g e e e 10000 °©

*Tanret's reagent is prepared as follows: Dissolve 1.35 gram of mercuric
chloride in 25 c.c. of water, add to this solution 3.32 grams of potassium
iodide dissolved in 25 c.c. of water, then make the total solution up to 6o c.c.
with water and add 2o c.c. of glacial acetic acid to the combined solutions.
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13. Coagulation Temperature.—Prepare 4 test-tubes each
containing 5 c.c. of neutral egg albumin solution, To the first
add 1 drop of 0.2 per cent HCI, to the second add 1 drop of
0.5 per cent Na,CO, solution, to the third add 1 drop of 10
per cent NaCl solution and leave the fourth neutral in re-
action. Partly fill a beaker of medium size with water and
place it within a second larger beaker which also contains
water, the two vessels being separated by pieces of cork.

Fic. 19.

CoOAGULATION TEMPERATURE
APPARATUS.

Fasten the four test-tubes com-
pactly together by means of a
ritbber band, lower them into
the water of the inner beaker
and suspend them, by means of
a clamp attached to one of the
tubes, in such a manner that
the albumin solutions shall be
midway between the upper and
lower surfaces of the water. In
one of the tubes place a ther-
mometer with its bulb entirely
beneath the surface of the al-
bumin solution( Fig. 19). Gently
heat the water in the beakers,
noting carefully any changes
which may occur in the albumin
solutions and record the exact
temperature at which these
changes occur. The first appear-
ance of an opacity in an albumin
solution indicates the commence-
ment of coagulation and the tem-
perature at which this occurs
should be recorded as the coagu-
lation temperature for that par-
ticular albumin solution.

What is the order in which the four solutions coagulate?
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paper and across the mouth of which is placed a piece of filter
paper moistened with plumbic acetate solution. As the powder
is heated it chars, indicating the presence of carbon; the fumes
of ammonia are evolved, turning the red litmus paper blue and
indicating the presence of mifrogen and hydrogen; the plumbic
acetate paper is blackened, indicating the presence of sulphur,
and the deposition of moisture on the side of the tube indicates
the presence of hydrogen.

(¢) Immerse a tube containing a little powdered egg albu-
min in boiling water for a few moments. Remove and test
the solubility of the albumin according to the directions given
under (a) above. It is still soluble. Why has it not been
coagulated? Repeat the above experiments with powdered
serum albumin and see how the results compare with those
just obtained.

SULPHUR IN PROTEID.

Sulphur is believed to be present in two different forms
in the proteid molecule. The first form, which is present in
greatest amount, is that loosely combined with carbon and
hydrogen. Sulphur in this form is variously termed umnoxi-
dized, looscly combined, mercaptan and lead-blackening sul-
phur. The second form i1s combined in a more stable manner
with carbon and oxygen and is known as owxidized or acid
sulphur.

TESTS FOR SULPHUR.

1. Test for Loosely Combined Sulphur.—To equal vol-
umes of KOH and egg albumin solutions in a test-tube add
1-2 drops of plumbic acetate solution and boil the mixture.
Loosely combined sulphur is indicated by a darkening of the
solution, the color deepening into a black if sufficient sulphur
1s present. WWrite the reactions for this test.

2. Test for Total Sulphur (Loosely Combined and Oxi-
dized).—Place the substance to be examined (powdered egg
albumin) in a small porcelain crucible, add a suitable amount
of solid fusion mixture (KOH and KNO, mixed in the pro-
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pended in neutral Aluids. Both forms of albuminate are pre-
cipitated upon the neutralization of their solutions. They are
precipitated by saturation with (NH,).SO,, and by saturation
with NaCl also if they are dissolved in an acid solution. Acid
albuminate contains a higher percentage of nitrogen and sul-
phur than the alkali albuminate from the same source since
some of the nitrogen and sulphur of the original proteid is
liberated in the formation of the latter. Because of this fact
it is impossible to transform an alkali albuminate into an acid
albuminate, while it is possible to reverse the process and trans-
form the acid albuminate into the alkali modification.

ACID ALBUMINATE.

Preparation.—Take 25 grams of hashed lean beef, washed
free from the major portion of blood and inorganic matter,
and place it in a medium-sized beaker with 100 c.c. of 0.2 per
cent HCI. Place it on a boiling water-bath for one-half hour,
filter, cool and divide the filtrate into two parts. Neutralize
the first part with dilute KOH solution, filter off the precipi-
tate of acid albuminate and make the following tests:

(1) Solubility—Solubility in the ordinary solvents (see
page 4).

(2) Millonw's Reaction.

(3) Coagulation Test—Suspend a little of the albuminate
in water (neutral solution) and heat to boiling for a few
moments. Now add 1—2 drops of KOH solution to the water
and see if the albuminate is still soluble in dilute alkali. What
is the result and why?

(4) Test for Loosely Combined Sulphur (see page 52).

Subject the second part of the solution to the following
tests :

(1) Coagulation Test—Heat some of the solution to boil-
ing in a test-tube. Does it coagulate?

(2) Biuret Test.

(3) Influence of Proteid Precipitants—Try a few proteid
precipitants such as picric acid and mercuric chloride. How
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tone and antipeptone), which result from proteolysis. The
differentiation of the various proteoses and peptones at present
in use is rather unsatisfactory. These compounds are classi-
fied according to their varying solubilities, especially in
(NH,).SO, solutions of different strengths. The exact dif-
ferences in composition between the various members of the
group remains to be more accurately established. Because of
the difficulty attending the separation of,these bodies, pure
proteose and peptone are not easy to procure. The so-called
peptones sold commercially contain a large amount of proteose.
As a class the proteoses and peptones are very soluble, dif-
fusible bodies which are non-coagulable by heat. Pepfones
differ from proteoses in being more diffusible, non-precipitable
by (NH,),S0,, and by their failure to give any reaction with
potassium ferrocyanide and acetic acid, potassio-mercuric
todide and HCI, picric acid, and trichloracetic acid. The so-
called primary proteoses are precipitated by HNO, and are
the only members of the proteose-peptone group which are
so precipitated.

Some of the more general characteristics of the proteose-
peptone group may be noted by making the following simple
tests on a proteose-peptone powder :

(1) Seolubility—Solubility in the ordinary solvents (see
page 4).

(2) Millow's Reaction.

Dissolve a little of the powder in water and test the solu-
tion as follows:

(1) Precipitation by Picric Acid—To 5 c.c. of proteose-
peptone solution in a test-tube add picric acid until a perma-
nent precipitate forms. The precipitate disappears on heating
and returns on cooling.

(2) Precipitation by a Mineral Acid.—Try the precipita-
tion by nitric acid.

(3) Coagulation Test.—Heat a little proteose-peptone solu-
tion to boiling. Does it coagulate like the other simple pro-
teids studied?
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filtered, and the (NH,),S0, in solution removed by boiling
with BaCO, as described on page 59. After filtering off the
BaS0, precipitate, concentrate the peptone filtrate to a small
volume' and repeat the tests as given under the proteose solu-
tion, page 50. In the biuret test the solution should be made
very strongly alkaline with solid KOH.

Coagulated Proteids.

These derived proteids are produced from unaltered proteid
materials by heat, by long standing under alcohol, or by the
continuous movement of their solutions such as that produced
by rapid stirring or shaking. In particular instances, such as
the formation of fibrin from fibrinogen (see page 157), the
coagulation may be produced by ferment action. Ordinary
soluble proteids after having been transformed into the coag-
ulated modification are no longer soluble in the ordinary sol-
vents. Upon being heated in the presence of strong acids or
alkalis, coagulated proteids are converted into albuminates.

Many proteids coagulate at an approximately fixed tem-
perature under definite conditions (see page 50). This char-
acteristic may be applied to separate different coagulable pro-
teids from the same solution by fractional coagulation. The
coagulation temperature frequently may serve in a measure
to identify proteids in a manner similar to the melting-point
or boiling-point of many other organic substances. The
separation of proteids by fractional coagulation thus is
analogous to the separation of volatile substances by means
of fractional distillation. The nature of the process in-
volved in the coagulation of proteids by heat is not well
understood, but it is probable that in addition to the altered
arrangement of the component atoms in the molecule, there
is a mild hydrolysis which is accompanied by the liberation of
minute amounts of hydrogen, nitrogen and sulphur. The
presence of a neutral salt or a trace of a mineral acid may
facilitate the coagulation of a proteid solution (see page 50),

' See note on preparation of proteose powder, page 50.
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osseomucoid from bone. The elementary composition of these
typical mucoids is as follows:

N. S. £ H. 0.
Tendomucoid ..11.75 233 4876 6.53 30.60 (Chittenden and Gies)
Osseomucoid ..12.22 232 4743 663 3140

The term mucins may be said to include those forms of
glucoproteids which occur in the secretions and fluids of the
body. Chondroproteids are so named because chondromucoid,
the principal member of the group, is derived from cartilage
(chondrigen). Amyloid, which appears pathologically in the
spleen, liver and kidneys is also a chondroproteid.

The nucleoproteids occur principally in animal and vegetable
cells, and following the destruction of these cells they are
found in the fluids of the body. These proteids are discharged
into the tissue fluids by the activity or disintegration of cells.
Combined with the simple proteid in the nucleoproteid mole-
cule we find nucleic acid, a body which contains phosphorus
and which yields purin bases upon decomposition. The so-
called nucleins are formed in the gastric digestion of nucleo-
proteids.

The ha@moglobins are those compound proteids which are
composed of a simple proteid and a pigment. The hzemoglobin
of the blood (see page 156) upon decomposition yields a pro-
teid termed globin and a modified pigment called hematin.

IFor experiments upon a compound proteid see page 199.

ALBUMINOIDS, ALEUMOIDS OR PROTEOIDS.

These bodies are closely related in character to the proteids,
from which class of substances they are derived. They differ
ordinarily from true proteids in the character of their decom-
position products, in being very resistant to the ordinary pro-
teid solvents, and in being unable alone to support life. They
generally occur in an insoluble form in some portion of the
animal organism. The albuminoids may be divided into sev-
eral classes such as keratins, clastins, collagens, gelatins and
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66 PHYSIOLOGICAL CHEMISTRY.

For the benefit of those especially interested in such matters
a photograph of the Fischer apparatus (Fig. 22, page 67) used
in the fractional distillation, in vacuo, of the esters of the
decomposition products of the proteids, as well as micro-
photographs and drawings of preparations of several of these
decomposition products (Figs. — to —, pp. — to —) are
introduced. For the preparations and the photograph of the
apparatus the author is indebted to Dr. T. B. Osbgrne, of
New Haven, Conn. These drawings and photographs are
not introduced at this point through any preconceived notion
that the student will derive any practical benefit therefrom,
but are rather inserted with the idea of giving him a graph-
ical illustration of the magnitude of the proteid molecule,
and with the hope that they may perhaps act as a stimulus,
which will cause him to desire a more extended knowledge of
the science of physiological chemistry, and, in particular, of
that important class of substances, the proteids. The repro-
duction of the crystalline form of some of the more recent of
the products may be of interest to those viewing the field of
physiological chemistry from other than the student’s aspect.

Any extended discussion of the various decomposition prod-
ucts being out of place in a book of this character, we will
simply make a few general statements in connection with the
more important products.

DISCUSSION OF THE PRODUCTS.

Tyrosin, C,H,,NO,—Tyrosin, one of the most important
end-products of proteid decomposition, i1s the amino acid,
p-oxyphenyl-a-amino-propionic acid. It has the following

formula :
NH.

|
CH,—CH—COOH.
v

o7
OH



DECOMPOSITION PRODUCTS OF PROTEIDS, [JT

Tyrosin occurs in conspicuous amounts as an end-product of
the pancreatic digestion of proteids (see page 107), and is
generally accompanied by leucin. It does not occur, however,

Fig. 22

FiscHER APPARATUS,

Reproduced from a photograph made by Prof. E. T. Reichert, of the
University of Pennsylvania. The negative was furmished by Dr. T. B.
Oshorne, of New Haven, Conn.

A, Tank into which freezing mixture is pumped and from which it flows
through the condenser, B ; ', Hask from which the esters are distilled, the dis-
tillate being collected in D; E, a Dewar flask containing liquid air serving
as a cooler for condensing tube [F; ¢ and ', tubes leading to the Geryck
pump by which the vacuum is maintained: [, tube leading to a McLeod guage
(not shown 1 fHgure); J, a bath contaiming freezing mixture in which the
receiver D is immersed; K, a bath of water during the first part of the dis-
tillation and of oil during the last part of the process; r-35, stop cocks which
permit the cutting out of different parts of the apparatus as the procedure
demands.
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72 PHYSIOLOGICAL CHEMISTRY.

zoic acid (see page 263). This method is not used very exten-
sively at present, however, having been replaced by Fischer’s
method. Glycocoll, ingested in small amount, is excreted in
the urine as urea, whereas if administered in excess it appears
in part unchanged in the urine. The crystalline form of gly-
cocoll ester hydrochloride, resulting from the decomposition
of the proteid glutenin, is shown in Fig. 27.

Grycocorl EsTtEr HYDROCHLORIDE,

Alanin, C,H.NO,.—From a chemical view-point this de-
composition product is a-amino-propionic acid, and as such it
may be represented structurally as follows:

H NH,

H—C—C—COOH.
O

Obtained from proteid substances, alanin is dextrorotatory, 1s
very easily soluble in water, and possesses a sweet taste.
Tyrosin, phenylalanin, cystin and serin are derivatives of
alanin.
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It closely resembles leucin in many of its properties, and for
this reason is difficult to identify in the presence of leucin. It
is quite readily soluble in water and is dextrorotatory.

Prolin, C,H NO,.—Chemically, prolin is a-pyrrolidin-
carboxylic acid and therefore possesses the following graphic
structure::

H.C__ CH,

Hﬂﬁk CH-COOH.
NH

Prolin was first obtained as a decomposition product of casein,
is leevorotatory and possesses a very sweet taste. The crystal-
line form of levo-a-prolin is shown in Fig. 29, and the copper

Fic. »0.

LEvo-a-PROLIN.

salt of prolin is represented by a micro-photograph in Fig.
30, page 75. DBoth were obtained from the proteid gliadin.
The crystals of the copper salt possess a faint bluish tinge.

Serin, C,H.NO,—Serin, from a chemical standpoint, is
a-amino-B-hydroxy-propionic acid and possesses the follow-
ing structural formula:
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8o PHYSIOLOGICAL CHEMISTRY.

to be a-amino-B-imido-azol-propionic acid with the following
structural formula:

i
HU:C—?H?HCOOH.
H H
NZWNH
CH

Crystals of histidin hydrochloride are shown in Fig. 34, p. 70.

EXPERIMENTS.

While the ordinary courses in physiological chemistry pre-
clude any extended study of the decomposition products of
proteids, the manipulation of a simple decomposition and the
subsequent isolation and study of a few of the products most
easily and quickly obtained will not be without interest. To
this end the student may use the following decomposition pro-
cedure: Treat the proteid in a large flask with water contain-
ing 3—5 per cent of H,SO, and place it on a water-bath until
the proteid material has been decomposed and there remains a
fine, fluffy, insoluble residue. Filter off this residue and
neutralize the filtrate with Ba(OH), and BaCO,. Filter off
the precipitate of BaSO, which forms and when certain that
the fluid is neutral or faintly acid,' concentrate (first on a wire
gauze and later on a water-bath) to a syrup. This syrup
contains the end-products of the decomposition of the proteid,
among which are proteoses, peplones, tyrosin, leucin, etc.
Add 95 per cent alcohol slowly to the warm syrup until no
more precipitate forms, stirring continuously with a glass rod.
This precipitate consists of proteoses and peptones. Gather
the sticky precipitate on the rod or the sides of the dish and,
after warming the solution gently for a few moments, filter
it through a filter paper which has not been previously moist-
ened. After dissolving the precipitate of proteoses and pep-

*1f the solution is alkaline in reaction at this point, the amino acids will
be broken down and ammonia will be evolved.
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2. Solubility.—Try the solubility of very small amounts of
tyrosin in cold and hot water, cold and hot g5 per cent alcohol,
dilute NH,OH, dilute KOH and dilute HCI.

3. Sublimation.—Place a little tyrosin in a dry test-tube,
heat gently and notice that the material does not sublime.
How does this compare with the result of Experiment 3 under
Leucin?

4. Hoffman’s Reaction.—This is the name given to Mil-
lon’s reaction when employed to detect tyrosin. Add about
3 c.c. of water and a few drops of Millon's reagent to a little
tyrosin in a test-tube. Upon dissolving the tyrosin by heat
the solution gradually darkens and may assume a dark red
color. What group does this test show to be present in tyrosin?

5. Piria’s Test.—Warm a little tyrosin on a watch glass on
a boiling water-bath for 20 minutes with 3—5 drops of conc.
H,S0,. Tyrosin-sulphuric acid is formed in the process.
Cool the solution and wash it into a small beaker with water.
Now add CaCO, in substance slowly with stirring, until
the reaction of the solution is no longer acid. Filter, con-
centrate the filtrate and add to it a few drops (avoid an excess)
of very dilute neutral ferric chloride. A purple or violet color,
due to the formation of the ferric salt of tyrosin-sulphuric acid,
1s produced. This 1s one of the most satisfactory tests for
the identification of tyrosin. ;

6. Morner’s Test.—Add about 3 c.c. of Morner's reagent!
to a little tyrosin in a test-tube, and gently raise the tempera-
ture to the boiling-point. A green color results.

EXPERIMENTS ON LEUCIN.

Make the following tests upon the leucin crystals already
prepared or upon some pure leucin furnished by the instructor.

1, 2 and 3. Repeat these experiments according to the direc-
tions given under Tyrosin (page 81).

* Mérner's reagent is prepared by thoroughly mixing 1 volume of forma-

lin, 45 volumes of distilled water and 55 volumes of concentrated sulphuric
acid.
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a cul-de-sac formed from the stomach wall have given us
many valuable conclusions, among others those regarding the
influence of the chemical stimuli. The method followed was
to feed the animal certain substances and note the secretion
of gastric juice in the miniature stomach while the real process
of digestion was taking place in the stomach proper.

Normal gastric juice is a thin, light colored fluid which is
acid in reaction and has a specific gravity varying between
1.001 and 1.010. It contains only 2-3 per cent of solid mat-
ter which is made up principally of HCI, sodium chloride,
potassium chloride, earthy phosphates, mucin and the enzymes
pepsin, rennin and probably lipase; the HCl and the enzymes
are of the greatest importance. The acidity of the gastric
juice is due to free hydrochloric acid which is secreted by
the parietal glands of the fundus and, in man, is generally
present to the extent of 0.2-0.3 per cent. When the
amount of HCI varies to any considerable degree from
these values a condition of hvpoacidity or hyperacidity is
established. Hydrochloric acid has the power of combin-
ing with proteid substances taken in the food forming so-
called combined hydrochloric acid. This combined acid is a
less potent germicide than free HCl and has less power to
destroy the amylolytic enzyme ptyalin of the saliva. This last
fact explains to a degree the possibility of the continuance of
salivary digestion in the stomach. The HCI of the gastric
juice forms a medium in which the pepsin can most satisfac-
torily digest the proteid food, and at the same time it acts as
an antiseptic or germicide which prevents putrefactive proc-
esses in the stomach. It also possesses the power of inverting
cane sugar. When the HCI of the gastric juice is diminished
in quantity (hypoacidity) or absent, as it may be in many
cases of functional or organic disease, there is no check to the
growth of micro-organisms in the stomach. There are how-
ever certain of the more resistant spores which even the
normal acidity of the gastric juice will not destroy. A con-
dition of hypoacidity may also give rise to fermentation with
the formation of such bodies as lactic acid and butyrie acid.
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digestion of coagulated egg-white. Peptic proteolysis differs
from tryptic proteolysis (see page 107) in that the former
yields larger amounts of proteoses, smaller amounts of pep-
tones and no considerable guantity of crystalline bodies as
end-products in the brief period during which proteids are
ordinarily subjected to gastric digestion. Prolonged hydroly-
sis with gastric juice may however, yield considerable quan-
tities of the non-proteid end-products.

Rennin, the second enzyme of the gastric juice, is what is
known as a milk curdling or proteid coagulating enzyme.
Rennin acts upon the caseinogen of the milk, splitting it into
a proteose-like body and soluble casein. This soluble body, in
the presence of calcium salts, combines with calcium forming
calcium casein or true casein which is insoluble and precipi-
tates. There is some uncertainty regarding the reaction, to
litmus, in which rennin shows the greatest activity. It is,
however, usually said to be most active in the presence of a
slight acid reaction, as would naturally be expected. It is
especially abundant in the gastric mucosa of the calf, and 1s
used to curdle the milk used in cheese making. Rennin is
always present normally in the gastric juice but in certain
pathological conditions such as atrophy of the mucosa, chronic
catarrh of the stomach or in carcinoma it may be absent.

Lipase is a fat-splitting enzyme (see page 97).

PREPARATION OF AN ARTIFICIAL GASTRIC JUICE.

Dissect the mucous membrane of a pig's stomach from the
muscular portion, and discard the latter. Divide the mucous
membrane into two parts (4/5 and 1/5). Cut up the larger
portion, place it in a large-sized beaker with 0.4 per cent HCI
and keep at 38°—40° C. for at least 24 hours. Filter off the
residue, consisting principally of nuclein and anti-albumid, and
use the filtrate as an artificial gastric juice. This filtrate con-
tains pepsin, rennin and the products of the digestion of the
stomach tissue, 4. ¢., acid albuminate, proteoses and peptones.
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or bases and are but slightly dissociable. The dissociation,
with the formation of the colored ion, forms the basis for the
color reaction.

Examine each of the following solutions by means of the
tests given below and report the results in a form similar
to the chart given on page go: (1) 0.2 per cent free HCL
(2) o0.05 per cent free HCl. (3) o.01 per cent free HCIL
(4) 0.05 per cent combined HCl. (5) 1 per cent lactic acid.
(6) Equal volumes of 0.2 per cent free HCl and 1 per cent
lactic acid. (7) 1 per cent potassium hydroxide.

1. Di-methyl-amino-azobenzene (or Topfer’s Reagent),’

N(CH,),—C,H, —N—=N—C H..

Place 1—2 drops of the reagent in the solution to be tested.
Free mineral acid (HCI) is indicated by the production of a
pinkish-red color. If free acid is absent a yellow color ordi-
narily results.

2. Giinzberg’s Reagent.*—Place 1-2 drops of the re-
agent in a small porcelain evaporating dish and carefully
evaporate to dryness over a low flame. Insert a glass stirring
rod into the mixture to be tested and draw the moist end of
the rod through the dried reagent. Warm again gently and
note the production of a purplish-red color in the presence of
free HCI. ;

3. Boas’ Reagent.’—Periorm this test in the same manner
as 2 above. Free hydrochloric acid is indicated by the pro-
duction of a rose-red color which becomes less pronounced on
cooling.

4. Congo Red,’

'To prepare Topfer's reagent dissolve 0.5 gram of di-methyl-amino-
azobenzene in 100 c.c. of 95 per cent alcohol.

! Giinzberg's reagent is prepared by dissolving 2 grams of phloroglucin
and 1 gram of vanillin in 100 c.c. of g5 per cent aleohol.

* Boas' reagent is prepared by dissolving 5 grams of resorcin and 3
grams of saccharose in 100 c.c. of 05 per cent alcohol.

' This indicator is prepared by dissolving 0.5 gram of congo red in oo
c.c. of water and adding 10 c.c. of g5 per cent alcohol.

wilfm bk









GASTRIC DIGESTION. o1

GENERAL EXPERIMENTS ON GASTRIC
DIGESTION.

1. Conditions Essential for the Action of Pepsin.—Pre-
pare four test-tubes as follows:

(a) Five c.c. of pepsin solution.

(&) Five c.c. of 0.4 per cent HCI.

(¢) Five c.c. of pepsin-hydrochloric acid solution.

(d) Two or three c.c. of pepsin solution and 2-3 c.c. of 0.5
per cent sodium carbonate solution.

Introduce into each tube a small piece of fibrin and place
them on the water-bath at 40° C. for one-half hour, carefully
noting any changes which occur.! Now combine the contents
of tubes (a) and (&) and see if any further change occurs
after standing at 40° C. for 15-20 minutes. Explain the
results obtained from these five experiments.

2. Influence of Different Temperatures.—In each of four
test-tubes place 5 c.c. of pepsin-hydrochloric acid solution.
Immerse one tube in cold water from the faucet, keep a second
tube at room temperature and place a third on the water-bath
at 40° C. DBoil the contents of the fourth tube for a few
moments then cool and also keep it at 40° C. Into each tube
introduce a small piece of fibrin and note the progress of
digestion. In which tube does the most rapid digestion occur?
Explain this.

3. The Most Favorable Acidity.—FPrepare three tubes as
follows:

(a) Five c.c. of 0.2 per cent pepsin-hydrochloric acid solu-
tion.

! Digestion of fibrin in a pepsin-hydrochloric acid solution is indicated
first by a swelling of the proteid due to the action of the acid, and later
by a disintegration and disselvang of the fibrin due to the action of the
pepsin-hydrochloric acid. If uncertain at any time whether digestion has
taken place, the solution under examination may be filtered and the biuret
test applied to the filtrate. A positive reaction will signify the presence
of acid albuminate, proteoses (albumoses) or peptones, the presence of any
one of which would indicate that digestion has taken place.
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(b) Two or three c.c. of 0.2 per cent HCl -} 1 c.c. of con-
centrated HCI + 5 c.c. of pepsin solution.

(¢) One c.c. of 0.2 per cent pepsin-hydrochloric acid sclu-
tion + 5 c.c. of water.

Introduce a small piece of fibrin into each tube, keep them
at 40° C., and note the progress of digestion. In which de-
gree of acidity does the fibrin digest the most rapidly?

4. Differentiation Between Pepsin and Pepsinogen.—
Prepare five tubes as follows:

(a) Few drops of glycerin extract of pepsinogen | 2-3
c.c. of water.

(b) Few drops of glycerin extract of pepsinogen + 5 c.c.
of 0.2 per cent HCL

(¢) Few drops of glycerin extract of pepsinogen -+ 5 c.c.
of 0.5 per cent Na,CO,.

(d) Two or three c.c. of pepsin solution 4+ 2—3 c.c. of 1 per
cent Na,CO,.

(e) Few drops of glycerin extract of pepsinogen + 5 c.c.
of 1 per cent Na,CO..

Add a small piece of fibrin to the contents of each tube,
keep the five tubes at 40° C. for one-half hour and observe
any changes which may have occurred. To (a) add an equal
volume of 0.4 per cent HCI, neutralize (c¢), (d) and (e) with
HCI and add an equal volume of 0.4 per cent HCl. Place
these tubes at 40° C. again and note any further changes
which may occur. What contrast do we find in the results
from the three last tubes? Why is this so?

5. Comparative Digestive Power of Pepsin with Dif-
ferent Acids.—Prepare a series of tubes each containing one
of the following acids: 0.5 per cent acetic, lactic, oxalic and
butyric, and 0.2 per cent hydrochloric, sulphuric, nitric and
combined hydrochloric. To each acid add a few drops of the
glycerin extract of pig's stomach and a small piece of fibrin.
Shake well, place at 40° C. and note the progress of digestion.
In which tubes does the most rapid digestion occur?

6. Influence of Metallic Salts, etc.—Prepare a series of
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rennin solution. Place the whole series of five tubes at 40° C.
and after 10-15 minutes note what is occurring in the different
tubes. Give a reason for each particular result.

10. Tests for Lactic Acid. (a) Uffelmann’s Reaction.—
To a small quantity of Uffelmann’s reagent® in a test-tube add
a few drops of a lactic acid solution. The amethyst-blue color
of the reagent is displaced by a straw yellow. Other organic
acids give a similar reaction. Mineral acids such as HCI dis-
charge the blue coloration leaving a colorless solution.

(b) Ferric Chloride Test—Place 10 cc. of wery dilute
ferric chloride in each of five tubes. To the first add 2 cc.
of 0.2 per cent HCI, to the second 2 c.c. of 10 per cent alcohol,
to the third 2 c.c. of 2 per cent saccharose, to the fourth 2 c.c.
of lactic acid and to the fifth 2 c.c. of peptone solution.

It 1s evident from the results obtained that neither of the
tests given above is satisfactory for the detection of lactic acid
in the presence of other substances such as we find in the
gastric contents,

A satisfactory deduction regarding the presence of lactic
acid can only be made after extracting the gastric contents
with ether, evaporating the ether extract to dryness and dis-
solving the residue in water. This residue will not contain
any of the contaminations which interfered with the simple
tests as tried above, and therefore if. either of the tests is
now tried on the dissolved residue of the ether extract we may
form an accurate conclusion regarding the presence of lactic
acid.

11. Qualitative Analysis of Stomach Contents.—Take
100 c.c. of stomach contents and analyze it according to the
following scheme: '

*Uffelmann’s reagent is prepared by adding ferric chloride solution to
a 1 per cent solution of carbolic acid until an amethyst-blue color is
obtained.

s s






CHAPTER: VI.
FATS.

Fats occur very widely distributed in the plant and animal
kingdoms, and constitute the third general class of food stuffs.
In plant organisms they are to be found in the seeds, roots and
fruit, while each individual tissue and organ of an animal
organism contains more or less of the substance. In the
animal organism fats are especially abundant in the bone
marrow and adipose tissue. They contain the same elements
as the carbohydrates, i. ¢., carbon, hydrogen and oxygen,
but the oxygen is present in smaller percentage than in the
carbohydrates and the hydrogen and oxygen are not present
in the proportion to form water. According to the observa-

F1G. 35.

Beer Far. (Long.) ]

tions of Benedict and Osterberg human fat contains 76.08 per
cent of carbon and 11.78 per cent of hydrogen. They found
the heat of combustion of human fat to be 9.523 calories per
eram.

g
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steapsin (see page 109). The cells forming the walls of the
intestines evidently possess the peculiar property of synthesiz-
ing the glycerin and fatty acid thus formed so that after
absorption these bodies appear in the blood not in their in-
dividual forms but as neutral fats. This synthesis is similar
to that enacted in the absorption of proteid material where
the peptones are synthesized into albumin in the act of
absorption.

The principal animal fats with which we have to deal are
stearin, palmitin, olein and butyrin. Such less important
forms as laurin and myristin may occur abundantly in plant
organisms. The generally accepted system of nomenclature
for these fats is to apply the prefix “ tri” in each case (e. g.,
tri-palmitin) since three fatty acid radicals are contained in
the neutral fat molecule.

Fats occur ordinarily as nuxtures of several individual fats.
For example, the fat found in animal tissues is a mixture of
tri-olein, tri-palmitin and tri-stearin, the percentage of any one
of these fats present depending upon the particular species of
animal from whose tissue the fat was derived. Thus the
ordinary mutton fat contains more tri-stearin and less tri-
olein than the pork fat. The crystalline forms of some of
the more common fats are reproduced in Figs. 35, 36 and 37
on pages g6, g9 and 10I. | p

Pure neutral fats are odorless, tasteless and generally color-
less. They are insoluble in the ordinary proteid solvents such
as water, sodium chloride and dilute acids and alkalis but are
very readily soluble in ether, benzene, chloroform and boiling
alcohol. Each individual fat possesses a specific melting- or
boiling-point (according to whether the body is solid or fluid
in character) and this property of melting or boiling at a
definite temperature may be used as a means of differentiation
in the same way as the coagulation temperature (see page 60)
is used for the differentiation of coagulable proteids. When
shaken with water, or a solution of albumin, soap or gum
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arabic, the fats are finely divided and assume a condition
known as an emulsion. The emulsion with water is transitory,
while the emulsions with soap or albumin solution are per-
manent.

The fat ingested continues essentially unaltered until it
reaches the intestines where it is acted upon by steapsin the
fat-splitting enzyme of the pancreatic juice (see page 109),
and glycerin and fatty acid are formed from a large portion of
the fat. Part of the fatty acid thus formed is dissolved in the
bile and absorbed while the remainder unites with the alkalis
of the pancreatic juice and forms soluble soaps. These soaps
may further act to produce an emulsion of the remaining fat
and thus aid in its absorption. That bile is of assistance in the
absorption of fat is indicated by the increase of fat in the
feces when for any reason bile does not pass into the in-
testines.

The fat distributed throughout the animal body is formed
partly from the ingested fat and partly from carbohydrates

Fic. 36.

Mutton Far. (Long.)

and the * carbon moiety " of proteid material. The formation
of adipocere and the occurrence of fatty degeneration are
sometimes given as proofs of the formation of fat from pro-
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teid. This is questioned by many investigators. Rather more
satisfactory and direct proof of the formation of fat from
proteid material has been obtained by experimentation upon
fly-maggots. The normal content of fat in a number of
maggots was determined and later the fat content of others
which had developed in blood (84 per cent of the solid matter
of blood plasma is proteid material) was determined. The
fat content was found to have increased 700 to 1100 per cent
as a result of the diet of blood proteids. Some investigators
are not inclined to accept these data as conclusive.

EXPERIMENTS oN FATS.

1. Solubility.—Test the solubility of olive oil in each of
the ordinary solvents (see page 4) and in cold alcohol, hot
alcohol, chloroform and ether.

2. Formation of a Transparent Spot on Paper.—Place a
drop of olive oil upon a piece of ordinary writing paper. Note
the transparent appearance of the paper at the point of contact
with the fat.

3. Reaction.—Try the reaction of fresh olive oil to litmus.
Repeat the test with rancid olive oil. What is the reaction of
a fresh fat and how does this reaction change upon allowing
the fat to stand for some time?

4. Formation of Acrolein.—To a little olive oil in a mortar
add some potassium bisulphate, KHSO,, and rub up thor-
oughly. Transfer to a dry test-tube and cautiously heat.
Note the irritating odor of acrolein. The glycerin of the fat
has been dehydrolyzed and acrylic aldehyde or acrolein has
been produced. This is the reaction which takes place:

?Hﬂ -OH

CH-OH— CH,=CH- CHO 4 2H.0.
I Acrolein,

CH,-OH

Glycerin.
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5. Emulsification.—(a) Shake up a drop of neutral' olive
oil with a little water in a test-tube. The fat becomes finely
divided, forming an emulsion. This is not a permanent emul-
sion since the fat separates and rises to the top upon standing.

(b) To 5 c.c. of water in a test-tube add 2 or 3 drops of 0.5
per cent Na,CO,. Introduce into this faintly alkaline solution
a drop of neutral olive oil and shake. The emulsion while not
permanent 1s not so transitory as in the case of water free
from sodium carbonate,

(¢) Repeat (b) using rancid olive oil. What sort of an
emulsion do you get and why?

(d) Shake a drop of neutral olive oil with a dilute albumin
solution. What 1s the nature of this emulsion? Examine it
under the microscope.

6. Fat Crystals.—Dis5olve a small piece of lard in ether in
a test-tube, add an equal volume of alcohol and allow the
alcohol-ether mixture to evaporate spontaneously. Examine

Fia, 37.

Pork FaT.

* Neutral olive oil may be prepared by shaking ordinary olive oil with a
10 per cent solution of sodium carbonate. This mixture should then be
extracted with ether and the ether removed by evaporation. The residue
15 neutral olive oil,
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the crystals under the microscope and compare them with
those reproduced in Figs. 35,36 and 37 on pp. 96,99 and 10I.

7. Saponification of Bayberry Tallow.—Fill a large cas-
serole two-thirds full of water rendered strongly alkaline with
solid KOH (a stick one inch in length). Add about 10 grams
of bayberry tallow and boil, keeping the volume constant by
adding water as needed. When saponification is complete?
add concentrated HCI slowly until no further precipitate is
produced. Cool the solution and the precipitate of free fatty
acid will rise to the surface and form a cake. In this in-
stance the fatty acid is principally palmitic acid. Remove the
cake, break it into small pieces, wash it with water by decanta-

Fic. 38.

ParsiTic Acip.

tion and transfer to a small beaker by means of g5 per cent
alcohol. Heat on a water-bath until the palmitic acid is dis-
solved, then filter through a dry filter paper and allow the
filtrate to cool slowly in order to obtain satisfactory crystals.
Write the reactions which have taken place in this experiment.

When the palmitic acid has completely crystallized filter

*Place 2 or 3 drops in a test-tube full of water. If saponification is
complete the products will remain in solution. -
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neutralize the solution with Na,CO, and evaporate to dryness.
Extract the residue with alcohol, remove the alcohol by evapo-
ration upon a water-bath and on the residue of glycerin thus
obtained make the tests as given below.

10. Glycerin. (a) Taste—\What is the taste of glycerin?

(b) Solubility.—Try the solubility of glycerin in water,
alcohol and ether.

(¢) Acrolein Test.—Repeat the test as given under 4, p. 100,

(d) Borax Fusion Test.—Fuse a little glycerin on a plat-
inum wire with some powdered borax and note the charac-
teristic green flame. This color is due to the glycerin ester
of boric acid.

(e) Fehling’s Test—How does this result compare with the
results on the sugars?

(f) Solution of Cu(OH),—Form a little Cu(OH), by
mixing CuSO, and KOH. Add a little glycerin to this sus-
pended precipitate and note what occurs.

11. Melting-Point of Fat. First Method.—Insert one of
the melting-point tubes, furnished by the instructor, into the
liquid fat and draw up the fat until the bulb of the tube is
about one-half full of the material. Then fuse one end of the
tube in the flame of a bunsen burner and fasten the tube to a
thermometer by means of a rubber band in such a manner that
the bottom of the fat column is on a level with the bulb of the
thermometer ( Fig. 39, p. 103). Fill a beaker of medium size
about two-thirds full of water and place it within a second
larger beaker which also contains water, the two vessels being
separated by pieces of cork. Immerse the bulb of the ther-
mometer and the attached tube in such a way that the bulb
is about midway between the upper and the lower surfaces of
the water of the inner beaker. The upper end of the tube
being open it must extend above the surface of the surround-
ing water. Apply gentle heat, stir the water, and note the
temperature at which the fat first begins to melt. This point
is indicated by the initial transparency. For ordinary fats,
raise the temperature very cautiously from 30° C. To deter-







CHAPTER VIL
PANCREATIC DIGESTION.

As soon as the food mixture leaves the stomach it comes
into intimate contact with the bile and the pancreatic juice.
Since these fluids are alkaline in reaction there can obviously
be no further peptic activity after they have become intimately
mixed with the chyme and have neutralized the acidity pre-
viously imparted to it by the hydrochloric acid of the gastric
juice. The pancreatic juice reaches the intestine through the
duct of Wirsung which opens into the intestine near the
pylorus.

‘Normally the secretion of pancreatic juice is brought about
by the stimulation produced by the acid chyme as it enters the
duodenum. This secretion is probably not due to a nervous
reflex, but is dependent upon the presence, in the epithelial cells
of the duodenum, of a body known as prosecretin. This
body is changed into secretin through the hydrolytic action
oif the acid present in the chyme. The secretin is then ab-
sorbed by the blood, passes to the pancreas and stimulates the
pancreatic cells, causing a flow of pancreatic juice. The quan-
tity of juice secreted under these conditions 1s proportional to
the amount of secretin present. The activity of secretin solu-
tions is not diminished by boiling, hence the body does not
react like an enzyme. Further study of the body may show
it to be a definite chemical individual of relatively low molec-
ular weight. It has not been possible thus far to obtain secre-
tin from any tissues except the mucus membrane of the duo-
denum and jejunum.

The juice as obtained from a permanent fistula differs
greatly in its properties from the juice as obtained from a
temporary fistula, and neither form of fluid possesses the prop-

erties of the normal fluid. Pancreatic juice collected from
106
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bonate) if left in contact for a sufficiently long time. Tryp-
sinogen, on the other hand, 1s more resistant to the action of
alkalis.

The pancreatic juice which is collected by means of a fistula
possesses practically no power to digest proteid matter. A
body called enterokinase occurs in the intestinal juice and has
the power of converting trypsinogen into trypsin. This proc-
ess 1s known as the * activation ” of trypsinogen and through
it a juice which is incapable of digesting proteid may be made
active. Enterokinase is not always present in the intestinal
juice since it is secreted only after the pancreatic juice reaches
the intestine. It resembles the enzymes in that its activity is
destroyed by heat, but differs materially from this class of
bodies in that a certain quantity of intestinal juice is capable
of activating only a definite quantity of trypsinogen. Entero-
kinase has been detected in the higher animals, and a kinase
possessing similar properties has been shown to be present in
bacteria, fungi, impure fibrin, lymph glands and snake-venom.
The activation of trypsinogen into trypsin may be brought
about in the gland as well as in the intestine of the living
organism ( Mendel and Rettger). The manner of the activa-
tion in the gland and the nature of the body causing it are
unknown at pl'ESEIlt.

Amylopsin, the second of the pancreatic enzymes, is an
amylolytic enzyme which possesses somewhat greater digestive
power than the ptyalin of the saliva. As its name implies, its
activity 1s confined to the starches, and the products of its
amylolytic action are dextrins and sugars. The sugars are
principally iso-maltose and maltose and these by the further
action of an inverting enzyme are partly transformed into
dextrose.

It is probable that the saliva as a digestive fluid is not abso-
lutely essential. The ptyalin is destroyed by the hydrochlorie
acid of the gastric juice and is therefore inactive when the
chyme reaches the intestine. Should undigested starch be
present at this point however, it would be quickly transformed
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PREPARATION OF AN ARTIFICIAL PANCREATIC
JUICE.

After removing the fat from the pancreas of a pig or sheep,
finely divide the organ by means of scissors and grind it in a
mortar. If convenient, the use of an ordinary meat chopper
is a very satisfactory means of preparing the pancreas.

When finely divided as above the pancreas should be placed
in a 500 c.c. flask, about 150 c.c. of 30 per cent alcohol added
and the flask and contents shaken frequently for twenty-four
hours. (What is the reaction of this alcoholic extract at the
end of this period, and why?) Strain the alcoholic extract
through cheese cloth, filter, nearly neutralize with KOH solu-
tion and then exactly neutralize it with 0.5 per cent Na,CO,.

Propucts oF PancreaTIC DIGESTION.

Talke about 200 grams of lean beef which has been freed
from fat and finely ground and place it in a large-sized beaker.
Nearly fill the beaker with pancreatic extract prepared as
above, add 5 c.c. of an alcoholic solution of thymol to prevent
putrefaction, and place the beaker in an incubator at 40° C.
Stir the contents of the beaker frequently and add more
thymol if it becomes necessary. Allow digestion to proceed
for from 2 to 5 days and then separate the products formed
as follows: Strain off the undissolved residue through cheese
cloth, nearly neutralize the solution with dilute hydrochlorie
acid and then exactly neutralize it with 0.2 per cent hydro-
chloric acid. A precipitate at this point would indicate alkali
albuminate. Filter off any precipitate and divide the filtrate
into two parts, a one-fourth and a three-fourth portion.

" Transfer the one-fourth portion to an evaporating dish and

make the separation of proteoses and peptones as well as the
final tests upon these bodies according to the directions given
on page 59.

Place about 5 c.c. of the three-fourth portion in a test-tube
and add about 1 c.c. of bromine water. A violet coloration
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Na,CO,.) In each of four tubes place 5 c.c. of alkaline pan-
creatic extract. Immerse one tube in cold water from the fau-
cet, keep a second at room temperature and place a third on the
water-bath at 40° C. Boil the contents of the fourth for a few
moments, then cool and also keep it at 40° C. Into each tube
introduce a small piece of fibrin and note the progress of
digestion. In which tube does the most rapid digestion occur ?
What is the reason?

3. Influence of Metallic Salts, etc.—Prepare a series of
tubes and into each tube place 6 volumes of water, 3 volumes of
alkaline pancreatic extract and 1 volume of one of the chemicals
listed in Experiment 18 under Salivary Digestion, page 40.

Introduce a small piece of fibrin into each of the tubes and
keep them at 40° C. for one-half hour. Shake the tubes fre-
quently. In which tubes do we get the least digestion?

4. Influence of Bile.—Prepare five tubes as follows:

(a) Five c.c. of pancreatic extract + ¥4—1 c.c. of bile.

(b) Five c.c. of pancreatic extract + 1-2 c.c. of bile.

(¢) Five c.c. of pancreatic extract | 2—3 c.c. of bile.

(d) Five c.c. of pancreatic extract + 5 c.c. of bile.

(e) Five c.c. of pancreatic extract.

Introduce into each tube a small piece of fibrin and keep
them at 40° C. Shake the tubes frequently and note the prog-
ress of digestion. Does the presence of bile retard tryptic
digestion? How do these results agree with those obtained
under gastric digestion?

EXPERIMENTS ON AMYLOPSIN.

1. The Most Favorable Reaction.—Prepare seven tubes
as follows:

(@) One c.c. of neutral pancreatic extract + 1 c.c. of starch
paste + 2 c.c. of water.

(b) One c.c. of neutral pancreatic extract 4 1 c.c. of starch
paste - 2 c.c. of 1 per cent Na,CO,.

(¢) One c.c. of neutral pancreatic extract 4+ 1 c.c. of starch
paste + 2 c.c. of 0.5 per cent Na,CO,.
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(d) One c.c. of nentral pancreatic extract 4 1 c.c. of starch
paste -+ 2 c.c. of 0.2 per cent HCIL.

(e) One c.c. of neutral pancreatic extract + 1 c.c. of starch
paste | 2 c.c. of 0.2 per cent combined HCL

(f) One c.c. of neutral pancreatic extract 4 1 c.c. of starch
paste + 2 c.c. of 0.4 per cent boric acid.

(g) One c.c. of neutral pancreatic extract -+ 1 c.c. of starch
paste -+ 2 c.c. of 0.4 per cent acetic acid.

Shake each tube thoroughly and place them on the water-
bath at 40° C. At the end of a hali-hour divide the contents
of each tube into two parts and test one part by the iodine test
and the other part by Fehling's test. Where do you find the
most satisfactory digestion? How do the results here com-
pare with those obtained from the similar series under Trypsin,
page I11.

2. The Most Favorable Temperature.—(For this and
the following series of experiments upon amylopsin use the
neutral extract plus an equal volume of 0.5 per cent Na,(CO,.)
In each of four tubes place 2-3 c.c. of alkaline pancreatic ex-
tract. Immerse one tube in cold water from the faucet, keep a
second at room temperature and place a third on the water-
bath at 40° C. Boil the contents of the fourth for a few
moments, then cool and also keep it at 40° C. Into each tube
introduce 2—-3 c.c. of starch paste and note the progress of
digestion. At the end of one-half hour divide the contents of
each tube into two parts and test one part by the iodine test
“and the other part by Fehling’s test. In which tube do you
find the most satisfactory digestion? How does this result
compare with the result obtained in the similar series of experi-
ments under Trypsin (see page 111) 7

3. Influence of Metallic Salts, etc.—Prepare a series of
tubes and into each tube place 3 volumes of water, 3 volumes of
alkaline pancreatic extract, 1 volume of one of the chemicals
listed in Experiment 18 under Salivary Digestion, page 40,
and 3 volumes of starch paste. Be sure to introduce the starch
paste into the tube last. Why? Shake the tubes well and

9
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place them on the water-bath at 40° C. At the end of a half-
hour divide the contents of each tube into two parts and test
one part by the 10dine test and the other part by Fehling’s test.
What are vour conclusions? '

4. Influence of Bile.—Prepare five tubes as follows:

(a) 2—3 c.c. of pancreatic extract + 2—3 c.c. of starch paste
+ 15-1 c.c. of bile.

(b) 2-3 c.c. of pancreatic extract 4 2—3 c.c. of starch paste
-+ 1-2 c.c. of bile.

(¢) 2-3 c.c. of pancreatic extract 4+ 23 c.c. of starch paste
-+ 2—3 c.c. of bile.

(d) 2-3 c.c. of pancreatic extract + 2—3 c.c. of starch paste
-+ 5 c.c. of bile.

(e) 2-3 c.c. of pancreatic extract 4 2—3 c.c. of starch paste.

Shake the tubes thoroughly and place them on the water-
bath at 40° C. Note the progress of digestion frequently and
at the end of a half-hour divide the contents of each tube into
two parts and test one part by the iodine test and the other part
by Fehling’s test. What are your conclusions regarding the
influence of bile upon the action of amylopsin?

5. Digestion of Dry Starch.—To a little dry starch in a
test-tube add about 5 c.c. of pancreatic extract and place the
tube on the water-bath at 40° C. At the end of a half hour
filter and test separate portions of the filtrate by the iodine and
Fehling tests. What do you conclude regarding the action of
amylopsin upon dry starch? Compare this result with that
obtained in the similar experiment under Salivary Digestion
(page 38).

6. Digestion of Inulin.—To 5 c.c. of inulin solution in a
test-tube add 10 drops of pancreatic extract and place the tube
on the water-bath at 40° C. After one-half hour test the
solution by Fehling’s test.! Is any reducing substance present?
What do you conclude regarding the digestion of inulin by
amylopsin?

*1f the inulin solution gives a reduction before being acted upon by the
pancreatic juice, it will be necessary to determine the extent of the original
reduction by means of a “ check ™ test (see page 26).






CHAFPTER VIIL
BILE.

The bile is secreted continuously by the liver and passes into
the intestine through the common bile duct which opens near
the pylorus. Bile 1s notf secreted continuously info the intes-
tine. In a fasting animal no bile enters the intestine, but
when food 1s taken the bile begins to flow; the length of time
elapsing between the ingestion of the food and the secretion of
the bile as well as the qualitative and quantitative character-
1stics of the secretion depending upon the nature of the food
ingested. Fats, the extractives of meat and the end-products
of gastric digestion (acid albuminate, proteoses and peptones )
cause a copious secretion of bile, whereas such substances as
water, acids and boiled starch paste fail to do so. In general
a rich proteid diet is supposed to increase the amount of bile
secreted, whereas a carbohydrate diet would rather tend to
decrease the amount.

We may look upon the hile as an excretfion as well as a
secretion. In the fulfillment of its excretory function it passes
such bodies as lecithin, metallic substanees and cholesterin into
the intestine and in this way aids in removing them from the
organism. The bile assists materially in the absorption of
fats from the intestine by its solvent action on the fatty acids
formed by the action of the pancreatic juice.

The bile i1s a very thick, viscid substance which 1s alkaline
in reaction to litmus and ordinarily possesses a decidedly
bitter taste. It varies in color in the different animals, the
principal variations being yellow, brown and green. Iresh
human bile ordinarily has a green or golden-yellow color.
Post-mortem bile is variable in color. It is very difficult to
determine accurately the amount of normal bile secreted dur-

ing any given period. Ior an adult man it has been variously
116
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acid is present in the taurin (amino-ethyl-sulphonic acid), of
which it is a characteristic constituent. There are several
varieties of cholic acid and therefore we have several forms
of glycocholic and taurocholic acids, the variation in consti-
tution depending upon the nature of the cholic acid which
enters into the combination. The bile acids are present in the
bile as salts of one of the alkalis, generally sodium. The sodi-
um glycocholate and sodium taurocholate may be isolated in
crystalline form, either as balls or rosettes of fine needles or in
the form of prisms having ordinarily four or six sides (Fig.
40, below). The salts of the bile acids are dextro-rotatory.
Among other properties these salts have the power of holding
the cholesterin and lecithin of the bile in solution.

BiLE SaLts.

The bile pigments are important and interesting biliary con-
stituents. The following have been isolated: bilirubin, bili-
verdin, bilifuscin, biliprasin, bilihwmin, bilicyanin and chole-
telin. Of these, bilirubin and biliverdin are the most important
and predominate in normal bile. Bilirubin may be isolated as
a reddish-yellow powder and biliverdin may be obtained in the
form of a green powder. The colors possessed by the various
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Solutions of bilirubin exhibit no absorption-bands. If an
ammoniacal solution of bilirubin-alkali in water is treated
with a solution of zinc chloride, however, it shows bands
similar to those of bilicyanin ( Absorption Spectra, Plate IT),
the two bands between C and D being rather well defined.

Biliverdin is particularly abundant in the bile of herbivora.
It is soluble in alcohol and glacial acetic acid and insoluble in
water, chloroform and ether. Biliverdin is formed from
bilirubin upon oxidation. It is an amorphous substance, and
in this differs from bilirubin which may be at least partly
crystallized under proper conditions. In common with bili-
rubin, it may be converted into hydrobilirubin by nascent
hydrogen.

The neutral solution ‘of bilicyanin or cholecyanin is bluish-
oreen or steel-blue and possesses a blue fluorescence, the alka-
line solution is green with no appreciable fluorescence and the
strongly acid solution is violet-blue. The alkaline solution
exhibits three absorption-bands, the first a dark, well-defined
hand between C and D somewhat nearer C: the second a less
sharply-defined band extending across D and the third a rather
faint band between E and F, near E (Absorption Spectra,
Plate IT). The strongly acid solution exhibits two absorption
bands, both lying between C and E and separated by a narrow
space near D. A third band, exceedingly faint, may ordinarily
be seen between b and F.

Biliary caleuli, otherwise designated as biliary concretions
or gall stones, are frequently formed in the gall-bladder.
These deposits may be divided into three classes, cholesterin
caleuli, pigment calculi and caleuli made up almost entirely of
inorganic material. This last class of calculus is formed prin-
cipally of the carbonate and phosphate of calcium and is
rarely found in man although quite common to cattle. The
pigment calculus is also found in cattle, but is more common
to man than the inorganic cdlculus. This pigment calculus
ordinarily consists principally of bilirubin in combination with
calcium; biliverdin is sometimes found in small amount. The
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(e) Smith’s Test—To 2—3 c.c. of diluted bile in a test-
tube add carefully about 5 c.c. of dilute tincture of iodine
(1:10) so that the fluids do not mix. A play of colors, green,
blue and iolet, 1s observed. In making this test upon the urine
ordinarily only the green color is observed. Try the test upon
various dilutions of bile and note its delicacy as compared
with that of Gmelin’s test. Which test do you consider the
more delicate?

5. Tests for Bile Acids. (a) Pettenkofer's Test—To
5 c.c. of diluted bile in a test-tube add 5 drops of a 5 per
cent solution of saccharose. Now run about 2-3 c.c. of con-
centrated sulphuric acid carefully down the side of the tube
and note the red ring at the point of contact. Upon slightly
agitating the contents of the tube the whole solution gradu-
ally assumes a reddish color. As the tube becomes warm, it
should be cooled in running water in order that the tempera-
ture of the solution may not rise above 70° C,

(b)) Mylius's Modification of Pettenkofer's Test. To ap-
proximately 35 c.c. of diluted bile in a test-tube add 3 drops of
a very dilute (1:1,000) aqueous solution of furfurol,

Hii'f e (”.fH
HC C:CHO.
b ]
O

Now run about 2-3 c.c. of concentrated sulphuric acid care-
fully down the side of the tube and note the red ring as above.
In this case also, upon shaking the tube, the whole solution is
colored red. Keep the temperature of the solution below 70°
C. as before.

(¢) Neuwkomm’s Modification of Pettenkofer's Test—To
a few drops of diluted bile in an evaporating dish add a trace
of a dilute saccharose solution and one or more drops of dilute
sulphuric acid. Evaporate on a water-bath and note the
development of a wiolet color at the edge of the evaporating
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ness. Dissolve the residue in 5 per cent hydrochloric acid
and precipitate with ten volumes of g5 per cent alcohol.
Filter off the taurin and recrystallize it from hot water.
(Save the alcoholic filtrate for the preparation of glycocoll,
page 127.) Make the following tests upon the taurin crystals:

(a) Examine them under the microscope and compare with
Fig. 43, below.

(b) Heat a crystal upon platinum foil. The taurin at first
melts, then turns brown and finally carbonizes as the tempera-
ture is raised. Note the suffocating odor. What is it?

(¢) Test the solubility of the crystals in water and in
alcohol,

(d) Grind up a crystal with four times its volume of dry
sodium carbonate and fuse on platinum foil. Cool the residue,
transfer it to a test-tube and dissolve it in water. Add a little

Fi1G. 43.

dilute sulphuric acid and note the odor of hydrogen sulphide.
Hold a piece of filter paper, moistened with a small amount of

lead acetate, over the opening of the test-tube and observe the
formation of lead sulphide.
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10. Preparation of Glycocoll.—Concentrate the alcoholic
filtrate from the last experiment (9) until no more alcohol
remains. The glycocoll is present here in the form of an hydro-
chloride and may be liberated from this combination by the
addition of freshly precipitated lead hydroxide or by lead
hydroxide solution. Remove the lead by H,S. Filter and
decolorize the filtrate by animal charcoal. Filter again, con-
centrate the filtrate and set it aside for crystallization. Gly-
cocoll separates as colorless crystals (Iig. 44, below ).

Fic. 44.

GLYCOCOLL.

11. Synthesis of Hippuric Acid.—To some of the glycocoll
prepared in the last experiment or furnished by the instructor,
add a little water, about 1 c.c. of benzoyl chloride and render
alkaline with potassium hydroxide solution. Stopper the tube
and shake it until no more heat is evolved. Now render
strongly alkaline with potassium hydroxide and shake the
mixture until no odor of benzoyl chloride can be detected.
Cool, acidify with HCI, add an equal volume of petroleun:
ether (ethyl ether may be substituted) and shake thoroughly
te remove the benzoic acid. ( Evaporate this solution and note
the crystals of benzoic acid. Compare them with those shown
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In the presence of potassium salts the indoxyl sulphuric acid
is then transformed into potassium indoxyl sulphate (or indi-
can),

1/\l_lcl:(:'- S0,K),
\/\)GH
NH

and eliminated as such in the urine.

Indican may be decomposed by treatment with concentrated
hydrochloric acid (see tests on page 255) into sulphuric acid
and indoxyl. The latter body may then be oxidized to form
indigo-blue thus:

/\_C(OII) NG00, R
2 | I +20=| | | CK el
N N OH A\ C—C\ "\
NH NH NH

Indoxyl. Indigo-hlue,

+2H.0

Skatol 1s likewise changed within the organism and elimi-
nated in the form of a chromogenic substance.

ExpErIMENTS ON PurreEFAcTION PrRODUCTS.

In many courses in physiological chemistry the instructors
are so limited for time that no extended study of the products
of putrefaction can very well be attempted. Under such con-
ditions the scheme here submitted may be used profitably in the
way of a demonstration. Where the number of students is
not too great, a single large putrefaction may be started, and,
after the initial distillation, both the resulting distillate and
residue may be distributed to the members of the class for in-
dividual manipulation.

Preparation of Putrefaction Mixture.—Place a weighed
mixture of coagulated egg albumin and ground lean meat in
a flask or bottle and add approximately 2 liters of water for
every kilogram of proteid used. Sterilize the vessel and con-
tents, inoculate with the colon bacillus and keep at 40° C. for
two or three weeks. If cultures of the colon bacillus are not
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PARTE- S

MANIPULATION OF THE DISTILLATE.

Acidify with hydrochloric acid and extract with ether.

Ether Extract No. 1.
Add an equal volume of water,
make alkaline with potassium hy-
droxide and shake thoroughly.

Residue No. 1.
Allow the ether to wvolatilize.
Evaporate and detect ammonium
chloride crystals (Fig. 45, p. 133).

Ether Extract No. 2.
Evaporate spontaneously. Indol
and skatol remain. Try proper re-
actions (see pages 130 and 137).

Alkaline Solution No. 1.
Acidify with hydrochloric acid,
add sodium carbonate and extract
with ether.

Ether Extract No. 3.
Evaporate. Detect phenol and
cresol (paracresol), See p. 138

Alkaline Solution No. 2.
Acidify with hydrochloric acid,
and extract with ether.

Ether Extract No. 4.
Evaporate. Folatile fatly acids
remain.

Final Residue.
(Discard.)

DETAILED DIRECTIONS FOR MAKING THE
SEPARATIONS INDICATED IN
THE SCHEME.

Preliminary Ether Extraction.—This extraction may be

conveniently conducted in a separatory funnel.

Mix the fluids

for extraction in the ratio of fwo volumes of ether to three

volumes of the distillate.

Shake very thoroughly for a few

moments, then draw off the extracted fluid and add a new por-

tion of the distillate.
tillate has been extracted.

Repeat the process until the entire dis-
Add a small amount of fresh
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manipulation of the stop cock to relieve the pressure due to
the evolution of carbon dioxide. The ether (Ether Extract
No. 3) removes any phenol or cresol which may be present
while the volatile fatty acids will remain in the alkaline solu-
tion (No. 2) as alkali salts.

Ether Extract No. 2.—Drive off the major portion of the
ether at a low temperature on a water-bath and allow the resi-
due to evaporate spontaneously. Indol and skatol should be
present here. Prove the presence of these bodies. Tor tests
for indol and skatol see p. —.

Alkaline Solution No. 2—Make strongly acid with hydro-
chloric acid and extract with a small amount of ether, using a
separatory funnel. As carbon dioxide is liberated here, care
must be used in the manipulation of the stop cock of the funnel
in relieving the pressure within the vessel. The volatile fatty
acids are dissolved by the ether (Ether Extract No. 4).

Ether Extract No. 3—FEvaporate this ethereal solution on a
water-bath. The oily residue contains phenol and cresol. The
cresol is present for the most part as paracresol. Add some
water to the oily residue and heat it in a flask. Cool and prove
the presence of phenol and cresol. For tests for these bodies
see page 138.

Ether Extract No. 4—Evaporate on a water-bath. The
volatile fatty acids remain in the residue,
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Crystalline Deposit.—Examine the crystals under the miero-
scope and compare them with those reproduced in Figs. 23,
24 and 104, pages 68, 69 and 326. Do the forms of the
crystals of leucin and tyrosin resemble those previously exam-
ined? Make a separation of the leucin and tyrosin and apply
typical tests according to directions given on pages 81 and 82.

Filtrate No. 1.—Make a test for tryptophan with bromine
water (see page 110), and, also with the Hopkins-Cole rea-
gent (see page 45). Use the remainder of the filtrate for
the separation of proteoses and peptones. Make the separa-
tion according to the directions given on page 50.

Filtrate No. 2—This solution contains para-oxyphenylacetic
acid, para-oxyphenylpropionic acid and skatol-carbonic acid.
Prove the presence of these bodies by appropriate tests. Tests
for oxyacids and skatol-carbonic acid are given on page 138.

TESTS FOR VARIOUS PUTREFACTION
PRODUCTS.

Tests for Indol.

1. Herter’s Naphthaquinone Reaction.—(a) To a dilute
aqueous solution of indol (1 :50,000) add one drop of a 2 per
cent solution of naphthaquinone sodium-monosulphonate. No
reaction occurs. Add a drop of a 10 per cent solution of
potassium hydroxide and note the gradual development of a
blue or blue-green color which fades to green if an excess of
the alkali is added. Render the green or blue-green solution
acid and note the appearance of a pink color. Heat facilitates
the development of the color reaction.

One part of indol in one million parts of water may be de-
tected by means of this test if carefully performed.

(b) If the alkali be added to the indol solution before the
introduction of the naphthaquinone the course of the reaction
is different, particularly if the indol solution is somewhat more
concentrated than that mentioned above and if heat is used.
Under these conditions the blue indol compound ultimately
forms as fine acicular crystals which rise to the surface.
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tions of skatol vield the blue color as noted with indol. This
reaction possesses relatively the same delicacy as the indol
reaction,

2. Color Reaction with HClL—Acidify some of the resi-
due with concentrated hydrochloric acid. Note the production
of a violet color.

3. Acidify some of the residue with nitric acid and add a
few drops of a potassium nitrite solution. Note the white

turbidity. Compare this result with the result of the similar
test on indol.

Tests for Phenol and Cresol.

1. Color Test.—Test a little of the solution with Millon’s
reagent. A red color results. Compare this test with the simi-
lar one under Tyrosin (see page 82).

2. Ferric Chloride Test.—Add a few drops of neutral
ferric chloride solution to a little of the residual fluid. A dirty
bluish-gray color is formed.

3. Formation of Bromine Compounds.—Add some bro-
mine water to a little of the fluid under examination. Note
the crystalline precipitate of tribromphenol and tribromeresol.

Tests for Oxyacids.

1. Color Test.—Test a little of the solution with Millon’s
reagent. A red color results.

2, Bromine Water Test.—Add a few drops of bromine
water to some of the filtrate. A turbidity or precipitate
18 observed.

Test for Skatol-carbonic Acid.

Ferric Chloride Test.—Acidify some of the filtrate with
hydrochloric acid, add a few drops of ferric chloride solution
and heat. Compare the end-reaction with that given by
phenol.



CHAPTER X.
FECES.

The feces is the residual mass of material remaining in the
intestine after the full and complete exercise of the digestive
and absorptive functions and is ultimately expelled from the
body through the rectum. The amount of this fecal discharge
varies with the individual and the diet. Upon an ordinary
mixed diet the daily excretion by an adult male will aggregate
110-170 grams with a solid content ranging between 25 and
45 grams; the fecal discharge of such an individual upon a

MicuoscoricarL CoxsTITUENTS ofF Feces. (o, Jaksch.)

a, Muscle fibers; b, connective tissue:; ¢, epithelium ; d, leucocytes; e, spiral
cells: f, g, h, i, various vegetable cells; %, “triple phosphate” crystals; [,
woody wvegetable cells; the whole interspersed with innumerable micro-
organisms of various kinds.

vegetable diet will be much greater and may even be as
great as 350 grams and possess a solid content of 75 grams.
The variation in the normal daily output being so great ren-
ders this factor of very little value for diagnostic purposes,
except where the composition of the diet is accurately known.

139



140 PHYSIOLOGICAL CHEMISTRY.

Lesions of the digestive tract, a defective absorptive function
or increased peristalsis as well as an admixture of mucus, pus,
blood and pathological products of the intestinal wall may
cause the total amount of excrement to be markedly increased.
The fecal pigment of the normal adult is hydrobilirubin
(urobilin or stercobilin). Neither bilirubin nor biliverdin
occurs normally in the fecal discharge of adults, although the
former may be detected in the excrement of nursing infants.
The most important factor, however, in determining the color
of the fecal discharge is the diet. A mixed diet for instance
produces stools which wvary
in color from light to dark
brown, an exclusive meat
diet gives rise to a brown-
ish-black stool, whereas the
stool resulting from a milk
diet 1s invariably light col-
ored. Certain pigmented
foods such as the chloro-
phyllic vegetables, and var-
Hawarormiy CrysTaLs FroMm AcHoric  ious varieties of berries, each
Color t:rFSJ:::.ItF:IIs Stawt;’tehi‘f:if color of affori:[ E:.t'DDlE having 2 Ehﬂ:l'-
those in Fig. 41, p. 110. acteristic color. Certain
drugs act in a similar way

to color the fecal discharge. This is well illustrated by the
occurrence of green stools following the use of calomel and
of black stools after bismuth ingestion. The green color of
the calomel stool is generally believed to be due to biliverdin.
v. Jaksch however claims to have proven this view to be in-
correct since he was able to detect hydrobilirubin (or urobilin)
but ne biliverdin in stools after the administration of calomel.
The bismuth stool derives its color from the black sulphide
which is formed from the subnitrate of bismuth. In cases
of biliary obstruction the grayish-white acholic stool is formed.
Under normal conditions the odor of feces is due to skatol
and indol, two bodies formed in the course of putrefac-
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stirred by means of a glass rod during the washing process.
After 15-30 minutes washing nothing but the coarse fecal
constituents remain upon the sieve.

2. Microscopical Examination.—\Watery stools should be
placed in a shallow dish, thoroughly mixed and a small amount
removed to a slide for examination. Stools
of a firm or pasty consistency should be
rubbed up in a mortar with water and a
small portion of the resulting mixture trans-
ferred to a slide for examination. In nor-
mal feces look for food particles, bacteria
and crystalline bodies. In pathological
stools, 1n addition to these substances, look
for animal parasites and pathological prod-
ucts of the intestinal wall.

3. Reaction.-—Thoroughly mix the feces
and apply moist red and blue litmus papers
to the surface. If the stool is hard it should
be mixed with water before the reaction

Boas® Sreve. 15 taken. Examine the stool as soon after

defecation as i3 convement, since the reac-

tion may change very rapidly. The reaction of the normal

stools of adult man is ordinarily neutral or faintly alkaline

to litmus, but seldom acid. Infants’ stools are génerally acid
in reaction.

4. Starch.—If any imperfectly cooked starch-containing
food has been ingested it will be possible to detect starch
granules by a microscopical examination of the feces. If the
granules are not detected by a microscopical examination, the
feces should be placed in an evaporating dish or casserole and
boiled with water for a few minutes. Iilter and test the filtrate
by the iodine test in the usual way (see page 24).

5. Cholesterin and Fat.—Extract the dry feces with ether
in a Soxhlet apparatus (see Chapter XXII1). I this apparatus
is not available transfer the dry feces to a flask, add ether and
shake frequently for a few hours. Filter and remove the

Fic. 40.
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ether by evaporation. The residue contains cholesterin and
the mixed fats of the feces, For every gram of fat add
about 1% grams of solid potassium hydroxide and 25 c.c. of
035 per cent alcohol and boil in a flask on a water-bath for one-
half hour maintaining the volume of alcohol constant. This
alcoholic-potash has saponified the mixed fats and we now have
a mixture of soaps and cholesterin. Add sodium chloride, in
substance, to the mixture and extract with ether to dissolve out
the cholesterin. Remove the ether by evaporation and ex-
amine the residue microscopically for cholesterin crystals.
Try any of the other tests for cholesterin as given on page 124.

6. Blood.—Undecomposed blood may be detected macro-
scopically. If uncertain, look for erythrocytes under the
microscope, and spectroscopically for the spectrum of oxyhze-
moglobin (see Absorption Spectra, Plate I).

In case the blood has been altered or is present in minute
amount (““occult blood ), and cannot be detected by the
means mentioned above, the following tests may be tried :

(a) Aloin-Turpentine Test.—Mix the stool very thoroughly
and take about 5 grams of the mixture for the test. Reduce
this sample to a semi-fluid mass by means of distilled water
and extract very thoroughly with an equal volume of ether
to remove any fat which may be present. Now treat the ex-
tracted feces with one-third its volume.of glacial acetic acid
and 10 c.c. of ether and extract very thoroughly as before.
The acid-ether extract will rise to the top and may be removed.

Introduce 2—3 c.c. of this acid-ether solution into a test-tube,
add an equal volume of a dilute solution of aloin in 70 per
cent alcohol and 2-3 c.c. of ozonized turpentine and shake
the tube gently. If blood is present the entire volume of fluid
ordinarily becomes pink and finally cherry red. In some in-
stances the color will be limited to the aloin solution which
sinks to the bottom. This color reaction should occur within
fifteen minutes in order to indicate a positive test for blood,
since the aloin will turn red of itself if allowed to stand for a
longer period. The color is ordinarily light yellow in a nega-
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(b)Y Huppert's Test—Treat the feces with water to form
a semi-fluid mass, add an equal amount of milk of lime, shake
thoroughly and filter. Wash the precipitate with water, then
transfer both the paper and the precipitate to a small beaker
or flask, add a small amount of 95 per cent alcohol acidified
slightly with sulphuric acid and heat to boiling on a water-
bath. The presence of bilirubin is indicated by the alcohol
assuming a green color.

9. Bile Acids.—Extract a small amount of feces with alco-
hol and filter. Evaporate the filtrate on a water-bath to drive
off the alcohol and dissolve the residue in water made slightly
alkaline with potassium hydroxide. Upon this aqueous solu-
tion.try any of the tests for bile acids given on page 122.

10. Caseinogen.—Extract the fresh feces first with a dilute
solution of sodium chloride, and later with water acidified with
dilute acetic acid, to remove soluble proteids. Now extract
the feces with 0.5 per cent sodium carbonate and filter. Add
dilute acetic acid to the filtrate to precipitate the caseinogen,
being careful not to add an excess of the reagent as the casein-
ogen would dissolve. Filter off the caseinogen and test it
according to directions given on page 192. Caseinogen 1s
found principally in the feces of children who have been fed a
milk diet. Mucin would also be extracted by the dilute alkali,
if present in the feces. What test could you make on the
newly precipitated body to differentiate between mucin and
caseinogen?

11. Nucleoproteid.—Mix the stool thoroughly with water,
transfer to a flask, and add an equal amount of saturated lime
water. Shake frequently for a few hours, filter, and precipi-
tate the nucleoproteid with acetic acid. Filter off this precipi-
tate and test it as follows:

(@) Phosphorus—Test for phosphorus by fusion (see
page 223).

(b) Solubility.—Try the solubility in the ordinary solvents.

(¢) Proteid Color Test—Try any of the proteid color tests.

What proof have you that the above body was not mucin?






CHAETER XTI,
BLOOD.

Blood is composed of three types of form-elements (ery-
throcyvtes or red blood corpuscles, leucocytes or white blood
corpuscles and blood plates or plaques) held in suspension in
a fluid called blood plasina. These form-elements compose
about 6o per cent of the blood, by weight. Ordinarily blood
is a dark red, opaque fluid due to the presence of the red blood
corpuscles, but through the action of certain substances such
as water, ether or chloroform it may be rendered transparent.
Blood so altered is said to be laked. The laking process is
simply a liberation of the hzemoglobin from the stroma of the
red blood corpuscle. Normal blood is alkaline in reaction® to
litmus, the alkalinity being due principally to sodium carbonate.
The specific gravity of the blood of adults ordinarily varies
between 1.045 and 1.075. It varies somewhat with the sex,
the blood of males having a rather higher specific gravity than
that of females. Under pathological conditions also the
density of the blood may be very greatly altered. The freez-
ing-point (A) of normal blood is about —o0.56° C. Varia-
tions between — 0.51° and — 0.62° C. may be due entirely to
dietary conditions, but if any marked variation is noted it can,
in most cases, be traced to a disordered kidney function. The
total amount of blood in the body has been variously estimated
at from one-twelfth to one-fourteenth of the body weight.
Perhaps 1/13.5 is the most satisfactory figure.

Among the most important constituents of blood plasma are
the four proteid bodies, fibrinogen, nucleoproteid, serwm
globulin (euglobulin and pseudo-globulin) and serum albumin.
Plasma contains about 8.2 per cent of solids of which the

' Recently it has been shown by physico-chemical methods that the blood
is in reality neutral in reaction.
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substance. The so-called serum albumin may be separated into
at least two distinct bodies, one capable of crystallization, the
other an amorphous body. The solution of either of these
bodies in water gives the ordinary albumin reactions. The
coagulation temperature of the serum albumin mixture as it
occurs in serum or plasma varies from 70° to 85° C. according
to the reaction of the solution and its content of inorganic
material. Serum albumin differs from egg albumin in being
more lzvorotatory, in being rendered less insoluble by alcohol,
and in the fact that when precipitated by hydrochloric acid it is
more easily soluble in an excess of the reagent.

When blood coagulates and the usual clot forms, a light yel-
lew fluid exudes. This is blood serum. It differs from blood
plasma in containing a large amount of Abrin ferment, a body
of great importance in the coagulation of the blood, and also
in possessing a lower proteid content. The proteid material
present in plasma and not found in serum is the fibrinogen
which is transformed into fibrin in the process of coagulation
.and removed. The specific gravity of the serum of human
blood varies between 1.026 and 1.032.

Beside the proteid constituents already mentioned, other
bodies which are found in both the plasma and serum are the
following : Sugar (dextrose), fatf, enzymes, lecithin, choles-
terin and its esters, gases, coloring-matter (lutein or lipo-
chrome) and mineral substances. In addition to these bodies
the following substances have been detected in normal human
blood : Creatin, carbamic acid, hippuric acid, paralactic acid,
urea and uric acid. Some of the pathological constituents of
blood are, protfeoses, leucin, tyrosin and other amino acids,
biliary constituents and purin bodies.

There has recently been considerable controversy regarding
the form of the erythrocytes or red blood corpuscles of human
blood. It 1s claimed by some investigators that the cells are
bell-shaped or cup-shaped. As the erythrocytes occur nor-
mally in the circulation, however, they are probably thin, non-
nucleated, biconcave discs. When examined singly, under
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pound proteid. Through treatment with hydrochloric acid it
may be split into a proteid body called globin, and hemo-
chromogen an iron-containing pigment. The latter body is
rapidly transformed into h@matin in the presence of oxygen
and this in turn gives place to heematin-hydrochloride or
hemin (Figs. 58 and 59, page 164). The pigment of arterial
blood is for the most part loosely combined with oxygen and
is termed oxyha@moglobin, whereas the pigment of venous
blood is principally haemoglobin (so-called reduced hzmoglo-
bin). Oxyhamoglobin is the oxygen-carrier of the body and
belongs to the class of bodies known as respiratory pigments.
The reduction of oxyhzmoglobin to form hzmoglobin (so-
called reduced haemoglobin) oceurs in the capillaries. Oxy-
hemoglobin may be crystallized and a specific form of ecrystal
obtained from the blood of each individual species (see Figs.
50 to 36, pages 152 to 155). This fact seems to indicate
that there are many varieties of oxyh@moglobin. The pig-
ment 1s held within the stroma of the erythroecyte. The fol-
lowing bodies may be derived from haemoglobin, and each
possesses a specific spectrum which serves as an aid in its
detection and identification: Oxyhzmoglobin, methamoglo-
bin, carbon-monoxide haemoglobin, nitric-oxide hamoglobin,
hamochromogen, h@matin, acid-haematin, alkali-haamatin and
hzematoporphyrin (see Absorption Spectra, Plates I and II).

The white corpuscles (or leucocytes) of human blood differ
from the red corpuscles (or erythrocytes) in being somewhat
larger in size, in containing at least a single nucleus and in
possessing ameeboid movement (see Plate IV, opposite page
151). They are typical animal cells and therefore contain the
following bodies which are customarily present in such cells:
Proteids, fats, carbohydrates, lacithin, cholesterin, inorganic
salts and water. The normal number of leucocytes in human
blood varies between 5,000 and 10,000 per cubic millimeter.
The ratio between the leucocytes and erythrocytes i1s about
1:350-500. A leucocytosis is said to exist when the number
of leucocytes is increased for any reason. Leucocytoses may
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remaining fluid is termed defibrinated blood. The above
theory of the coagulation of the blood may be stated briefly
as tollows:

I. Prothrombin 4 Calcium Salts = Thrombin (or Fibrin-
ferment).

IT. Thrombin (or Fibrin-ferment) -+ Fibrinogen = Fibrin.

Among the medico-legal tests for blood are the following:
(1) Microscopical identification of the erythrocytes, (2) spec-
troscopic identification of blood solutions, (3) the guaiac test,
(4) preparation of hemin crystals. Of these four tests the
last named is generally considered to be the most satisfactory.
It gives equally reliable results with fresh blood and with blood
from clots or stains of long standing, provided the latter have
not been exposed to a high temperature, or to the rays of the
sun for a long period. The technique of the test is simple
(see page 163) and the formation of the dark brown or
chocolate colored erystals of hemin (Figs. 58 and 509, page
164) is indisputable proof of the presence of blood in the
fluid, clot or stain examined. The weak point of the test,
medico-legally, lies in the fact that it does not differentiate
between human blood and that of certain other species of
animal.

The guaiac test (see page 163), although generally con-
sidered less accurate than the hzemin test, is really a more deli-
cate test than the haemin test if properly performed. One of
the most common mistakes in the manipulation of this test is
the use of a guaiac solution which is too concentrated and
which, when brought into contact with the aqueous blood solu-
tion, causes the separation of a voluminous precipitate of a
resinous material which may obscure the blue coloration; this
is particularly true of the test when used for the examination
of blood stains. A solution of guaiac made by dissolving 1
gram of the resin in 60 c.c. of 95 per cent alcohol is very
satisfactory for general use. The test is frequently objected
to upon the ground that various other substances, e. g., milk,
pus, saliva, etc., respond to the test and that it cannot therefore
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within three hours to a distinctly flocculent precipitate. This
antiserum will react thus with no other known substance.

EXPERIMENTS oN BLoob.
1. Defibrinated Ox-blood.

1. Reaction.—Moisten red and blue litmus papers with 10
per cent sodium chloride solution and test the reaction of the
defibrinated blood.

2. Microscopical Examination.—Examine a drop of defi-
brinated blood under the microscope. Compare the objects you
observe with Plate IV, opposite page 151. Repeat the test
with a drop of your own blood.

3. Specific Gravity.—Determine the specific gravity of
defibrinated blood by means of an ordinary specific gravity
spindle. Compare this result with the specific gravity as de-
termined by Hammerschlag’s method in the next experiment.

4. Specific Gravity by Hammerschlag’s Method.—Fill an
ordinary urinometer cylinder about one-half full of a mixture
of chloroform and benzene, having a specific gravity of
approximately 1.050. Into this mixture allow a drop of the
blood under examination to fall from a pipette or directly from
the finger in case fresh blood is being examined. Care must
be taken not to use too large a drop of blood and to keep the
drop from coming in contact with the walls of the cylinder.
If the blood drop sinks to the bottom of the vessel, thus show-
ing it to be of higher specific gravity than the surrounding
fluid, add chloroform until the blood drop remains suspended
in the mixture. Stir carefully with a glass rod after adding
the chloroform. If the blood drop rises to the surface upon
being introduced into the mixture, thus showing it to be of
lower specific gravity than the surrounding fluid, add benzene
until the blood drop remains suspended in the mixture. Stir
with a glass rod after the benzene is added. After the blood
drop has been brought to a suspended position in the mixture
by means of one or more additions of chloroform and benzene
this final mixture should be filtered through muslin and its
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act in causing this transparency? Examine a drop of laky
blood under the microscope. How does its microscopical ap-
pearance differ from that of unaltered blood? What other
agents may be used to render blood laky?

Fi1c. 57.
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8. Osmotic Pressure.—Place a few cubic centimeters of
blood in each of three test-tubes. ILake the blood in the first
tube according to directions given in the last experiment (7) :
add an equal volume of isofonic (0.g per cent) sodium chlo-
ride to the blood in the second tube, and an equal volume of -
10 per cent sodium chloride to the blood in the third tube.
Mix thoroughly by shaking and after a few moments examine
a drop from each of the three tubes under the microscope
(see Figs. 57 and 115, pages 162 and 337). What do you
find and what is your explanation from the standpoint of
osmotic pressure’

0. Diffusion of Hzemoglobin.—FPrepare some laky blood,
thus liberating the hzmoglobin from the erythrocytes. Test
the diffusion of the hzemoglobin by preparing a dialyzer like
one of the models shown in Fig. 1, page 6. How does haemo-
globin differ from other well-known crystallizable bodies?
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IT. Blood Serum.

1. Coagulation Temperature.—Place 5 c.c. of undiluted
serum in a test-tube and determine its temperature of coagula-
tion according to the method described on page 50. Note the
temperature at which a cloudiness occurs as well as the tem-
perature at which coagulation is complete.

2. Precipitation by Alcohol.—To 5 c.c. of serum in a
test-tube add twice the amount of g5 per cent alcohol and
thoroughly mix by shaking. What is this precipitate? Make
a confirmatory test. Test the alcoholic filtrate for proteid.
Explain the result.

3. Proteids of Blood Serum.—Place about 20 c.c. of un-
diluted serum in a small evaporating dish, heat to boiling and
at the boiling-point acidify slightly with dilute acetic acid. Of
what does this coagulum consist? Filter off the coagulum
(reserve the filtrate) and test it as follows:

(a) Millow's Reaction.—M\ake the test according to direc-
tions given on page 44.

(b) Xanthoproteic Test.—Make the test according to di-
rections given on page 44.

4. Sugar in Serum.—Test a little of the filtrate from Ex-
periment 3 by Fehling’'s test. What do you conclude?

5. Detection of Sodium Chloride.—(a) Test a little of
the filtrate from Experiment 3 for chlorides, by the use of
nitric acid and argentic nitrate. (b) Evaporate 5 c.c. of the
filtrate from Experiment 3 in a watch glass on a water-bath.
Examine the crystals and compare them with those reproduced
in Fig. 60, page 167.

6. Separation of Serum Globulin and Serum Albu nin.
—Place 10 c.c. of blood serum in a small beaker and saturate
with magnesium sulphate. What is this precipitate? Filter
it off and acidify the filtrate slightly with acetic acid. What
is this second precipitate? Filter this precipitate off and test
the filtrate by the biuret test. What do you conclude?
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volume of 7 per cent ammonium oxalate solution. Place a
small amount of this oxalated blood in a test-tube and lake it
with ether, being careful to avoid an excess of the reagent.
By means of a pipette transfer a drop of this laked blood to a
slide, and when the edges of the drop begin to dry place a
cover glass in position. Examine under the microscope and
compare the crystals with those in Figs. 50 to 56, pages 152
to 155.
IV. Fibrin.

1. Preparation of Fibrin.—Allow blood to flow directly
from the animal into a vessel and rapidly whip it by means of
a bundle of twigs, a mass of strong cords or a specially con-
structed beater. If a pure fibrin is desired it is not best to
attempt to manipulate a large volume of blood at one time.
After the fibrin has been collected it should be freed from
any adhering blood clots and washed in water to remove fur-
ther traces of blood. The pure product should be very light
in color. It may be preserved under glycerin, dilute alcohol
or chloroform water.

2. Solubility.—Try the solubility of small shreds of freshly
prepared fibrin in the usual solvents.

3. Millon’s Reaction.—Make the test according to direc-
tions given on.page 44.

4. Xanthoproteic Test.—Make the test according to di-
rections given on page 44.

5. Biuret Test.—Make the test according to directions
given on page 45.

V. Detection of Blood in Stains on Cloth, ete.

1. Identification of Corpuscles.—If the stain under ex-
amination is on cloth a portion should be extracted with a few
drops of glycerin or normal (0.9 per cent) sodium chloride
solution. A drop oi this solution should then be examined
under the microscope to determine if corpuscles are present.

2. Tests on Aqueous Extract.—A second portion of the
stain should be extracted with a small amount of water and
the following tests made upon the aqueous extract:
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blood. Now dilute the blood wery freely and note that the
bands gradually become more narrow and, if the dilution is
sufficiently great, they finally entirely disappear.

DMEECT-VISION SPECTROSCOPE.

2. Hzemoglobin (so-called Reduced Hzemoglobin).—To
blood which has been diluted sufficiently to show well defined
oxvhzmoglobin absorption-bands add a small amount of

1. 62.

ANGULAR-VISION SPECTROSCOPE ARRANGED FOR ABSORFTION ANALYSIS.

Stokes’ reagent.! The blood immediately changes in color
from a bright red to a violet-red. The oxyhznioglobin has
been reduced through the action of Stokes’ reagent and

! Stokes’ reagent is a solution containing 2 per cent ferrous sulphate and
3 per cent tartaric acid. When needed for use a small amount should be
placed in a test-tube and ammonium hydroxide added until the precipitate
which forms on the first addition of the hydroxide has entirely dissolved.
This produces ammonium ferrotartrate which is a reducing agent.
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appears yvellowish-red whereas carbon monoxide hzmoglobin
under the same conditions appears bluish-red. Examine- the
carbon monoxide ha&moglobin solution spectroscopically. Ob-
serve that the spectrum of this body resembles the spectrum of
oxyhemoglobin in showing two absorption-bands between D
and E. The bands of carbon monoxide hazmoglobin, however,
are somewhat nearer the violet end of the spectrum. Add
some Stokes’ reagent to the solution and again examine spec-
troscopically. Note that the position and intensity of the
absorption bands remain unaltered.

4. Neutral Methaemoglobin.—Dilute a little defibrinated
blood (r1:10) and add a few drops of a freshly prepared 10
per cent solution of potassium ferricyanide. Shake this mix-
ture and observe that the bright red color of the blood is dis-
placed by a brownish-red. Now dilute a little of this solution
and examine it spectroscopically. Note the single, very dark
absorption-band lying to the left of D and, if the dilution is
sufficiently great, also observe the two rather faint bands lying
between D and E in somewhat similar positions to those occu-
pied by the absorption-bands of oxyhamoglobin. Add a few
drops of Stokes' reagent to the methzzmoglobin solution while
it is in position before the spectroscope and note the imme-
diate appearance of the oxyhzmoglobin spectrum which is
quickly followed by that of heemoglobin.

5. Alkaline Methaemoglobin.—Render a neutral solution
of methemoglobin, such as that used in the last experiment.
(4),slightly alkaline with a few drops of ammonia. The solu-
tion becomes redder in color, due to the formation of alkaline
methzemoglobin and shows a spectrum different from that of
the neutral body. In this case we have a band on either side
of D, the one nearer the red end of the spectrum being much
the fainter. A third band, darker than either of those men-
tioned lies between D and E somewhat nearer E.

6. Alkali Haematin.—Observe the spectrum of the alkali
hzematin prepared in Experiment 13 on page 165. Also make
a spectroscopic examination of a freshly prepared alkali
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thoroughly by agitation after the addition of each drop. A
wine-red solution is produced. Examine this solution spectro-
scopically.  Acid haematoporphyrin gives a spectrum with an
absorption-band on either side of D, the one nearer the red
end of the spectrum being the narrower.

10. Alkaline Hamatoporphyrin.—Introduce the acid
h@ematoporphyrin solution just examined into an excess of
distilled water. Cool the solution and add potassium hydrox-
ide slowly until the reaction is but slightly acid. A colored
precipitate forms which includes the principal portion of the
hzematoporphyrin. The presence of sodium acetate facili-
tates the formation of this precipitate. Filter off the precipi-
tate and dissolve it in a small amount of dilute potassium
hydroxide. Alkaline heematoporphyrin prepared in this way
forms a bright red solution and possesses four absorption-
bands. The first is a very faint, narrow band in the red,
midway between C and D; the second is a broader, darker
band lying across D, principally to the violet side. The third
absorption-band lies principally between D and E, extending
for a short distance across E to the violet side, and the fourth
band is broad and dark and lies between b and I'. The first
band mentioned is the faintest of the four and is the first to
disappear when the solution is diluted.

VII Instruments Used in the Clinical Examination of the Blood.

1. Fleischl’s Heemometer (Fig. 64, p. 175).—This is an
instrument used quite extensively clinically, for the quantitative
determination of hamoglobin. The instrument consists of a
small cylinder which is provided with a fixed glass bottom and
a movable glass cover, and which is divided, by means of a
metal septum, into two compartments of equal capacity. This
cylinder is supported in a vertical position by means of a mech-
anism which resembles the base and stage of an ordinary mi-
croscope.  Underneath the stage is placed a colored glass wedge
(see Fig. 66, p. 176), so arranged as to run immediately
beneath the glass bottom of one of the compartments of the
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wrap the tube in a piece of oily chamois when not in use. As
soon as the tube has been accurately filled with blood it should
be dipped into the water of one of the compartments of the
cylinder and all traces of the blood washed out with water by
means of a small dropper which accompanies the instrument.
If the blood is not well dis-
tributed throughout the
compartment and does not
form a homogeneous solu-
tion the contents of the com-
partment should be mixed
CoLorEDp GLASS WEDGE oF FLEISCHL'S thﬂmughI_',r b}r means g
HzemoMmerer. (Da Costa.) metal handle of the cap-
illary measuring pipette.
When this has been done each compartment should be completely
filled with distilled water and the glass cover adjusted, care
being taken that the contents of the two compartments do not
mix. Now adjust the cylinder so that the compartment con-
taining the pure distilled water is immediately above the colored
glass wedge. By means of the rack and pinion arrangement,
manipulate the colored wedge, until a portion of it is found
which corresponds in color with the diluted blood. When this
agreement in color has been secured the point on the scale
corresponding to this particular color should be read and the
actual percentage of hzemoglobin computed. For instance, if
the scale reading is go it means that the blood under examina-
tion contains go per cent of the normal quantity of hamo-
globin, i. e., 9o per cent of 14 per cent.

2. Fleischl-Miescher Hazmometer.—The apparatus of
Fleischl has recently been modified by Miescher. If all pre-
cautions are taken, the margin of error in the absolute quan-
tity of hamoglobin determined by this instrument does not
exceed 0.15-0.22 per cent by weight of the blood. Detailed
directions for the manipulation of the Fleischl-Miescher
hemometer accompany the instrument. In brief Miescher
modified the instrument as follows: (1) The scale of each
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nate solution should be used in order that the clearness of
the solution may not be marred by the presence of sodium

bicarbonate.

3. Dare’s Hamoglobinometer (Fig. 67, below).—This
instrument, as the name signifies, is used for the determina-

Dare's HEMOGLOBINOMETER,

R, Milled wheel acting by a {riction
bearing on the rim of the color disc:
S, case inclosing color dise, and provided
with a stage to which the blood cham-
ber i1s fitted; T, movable wing whic
is swung outward during the observation,
to serve as a screen for the observer's eyes,
and which acts as a cover to inclose the
color disc when the instrument is not in
use; U, telescoping camera tube, in posi-
tion for examination; V, aperture admitting
light for illumination of the color dise; X,
capillary blood chamber adjusted to stage
of instrument, the slip of opaque glass, W,
being nearest to the source of light; ¥,
detachable candle-holder: Z, rectangular slot
through which the hazmoglobin scale indi-
cated on the rim of the color disc is read.

(Da Costa.)

tion of hemoglobin. In
using either Fleischl's
hzemometer or the in-
strument as modified by
Miescher the blood is di-
luted for examination
whereas with the Dare
mmstrument ne dilution is
required. This probably
allows of rather more
accurate determinations
than are possible with
the old Fleischl appa-
ratus.

The instrument con-
sists essentially of the fol-
lowing parts: (1) A cap-

illary observation cell,
(2) a semicircular col-
ored glass wedge, (3) a
milled wheel for manip-
ulating the wedge, (4)
a candle used to illumi-
nate portions of the cap-
illary observation cell
and the colored wedge,

(5) a small telescope used in the examination of the areas
illuminated by the candle flame, (6) a scale graduated in per-
centages of the normal amount of hamoglobin, (7) a hard
rubber case, (8) a movable screen attached to the case.

The capillary observation cell is formed of two small,
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illuminated simultaneously by means of the flame of a candle.
The colored glass may be rotated by means of a milled wheel
and the point of agreement of the color of the adjoining discs
may be determined in the same way as in Fleischl's hemom-
eter. The scale reading gives the percentage of the normal

Fic. 6g.

MeTHOoD oF FILLING THE CAPILLARY OnsErvarion CELL oF DARE'S
HzmocropiNoMETER. (Da Cosfa.)
quantity of heemoglobin which the blood sample under exami-
nation contains. Compute the actual heemoglobin content in
the same manner as from the scale reading of the Fleischl
hzemometer (see page 176).

4. Tallquist’s Haemoglobin Scale.—This consists essen-
tially of a series of ten colors corresponding to stains produced
by blood containing varying percentages of hemoglobin. In
using this scale a drop of blood is allowed to fall on a small
section of filter paper and the resulting color is compared with
the ten colors of the scale. When the color in the scale is
found which corresponds to the color of the blood stain the
accompanying hamoglobin value is read off directly. This
is a very convenient method for determining hzemoglobin at
the bedside. There is a possibility of the colors being in-
accurately printed, however, and even if originally correct in
tint, under the continued influence of air and light they must
eventually alter somewhat.

5. Thoma-Zeiss Haemocytometer.—This is an instru-
ment used in “ blood counting,” i. e., in determining the num-
ber of erythrocytes and leucocytes. The mstrument consists
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either of these solutions is used as the diluting fluid it is possi-
ble to make a very satisfactory count of both the erythrocytes
and leucocytes from the same preparation, since the leucocytes
are stained by the methyl violet or methylene-blue.

FiG. 7I.

B

TraOoMA-ZEISS CaP-
ILLARY PIPETTES.
A, Erythrocytom-
eter: B, leuco-
cytometer.

In counting the erythrocytes by means
of the heemocytometer proceed as follows:
Thoroughly cleanse the tip of the finger
or lobe of the ear of the subject by the use
of soap and water, alcohol and ether ap-
plied in the sequence just given. Punc-
ture the skin by means of a needle or scalpel
and allow the blood drop to form without
pressure. Place the tip of the pipette in
contact with the blood drop, being careful
to avoid touching the skin, and draw blood
into the pipette up to the point marked 0.5
or 1 according to the desired dilution.
Rapidly wipe the tip of the pipette and
immediately fill it to the point marked 101
with Toison’s or Sherrington’s solution.
Now thoroughly mix the blood and diluting
fluid within the mixing chamber by tapping
the pipette gently against the finger or by
shaking it while held securely with the
thumb at one end and the middle finger at
the other. After the two fluids have been
thoroughly mixed the diluting fluid con-
tained in the capillary-tube below the bulb
should be discarded in order to insure the
collection of a drop of the thoroughly mixed
blood and diluting solution for examina-
tion. Transfer a drop from the pipette to
the ruled floor of the counting chamber and,

after placing the cover-glass firmly in position,' allow an

'If the cover glass is in accurate apposition to the counting cell New-
ton's rings may be plainly observed.
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cubic milhmeter of diluted blood, and multiply this product
by 100 or 200, according to the dilution, to obtain the number
of erythrocytes per cubic millimeter of undiluted blood. Thus:

Average number of ery-
throcytes per square

Number of erythrocytes

4,000 5200 (DL 100} == per cubic millimeter.

Great care should be taken to see that the capillary pipette
is properly cleaned. After using, it should be immediately
rinsed out with the diluting fluid, then with water, aleohol and
ether in the sequence given. Finally dry air should be drawn
through the capillary and a horse hair inserted to prevent the
entrance of dust particles.

In counting leucocytes by means of the haemocytometer pro-
ceed as follows: As mentioned above, if the diluting fluid is
either Toison’s or Sherrington’s solution the leucocytes may

Fic. 73.
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Zarrerr's Mopiriep Rurinc ofF THoMmMaA-ZEIss CounTing CHAMBER. (Ha

Costa.)

be counted in the same specimen of blood in which the ery-
throcytes are counted. When this is done it is customary to
use a slide provided with Zappert's modified ruling (Fig. 73,
above). This method is rather more accurate than the older
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occurs in the urine of normal persons after the ingestion of a
very large amount of lactose in the food. It is not derived
directly from the blood but is a specific product of the cellular
activity of the mammary gland. It has strong reducing power,
is dextro-rotatory and forms an osazone with phenylhydrazin.
The souring of milk is due to the formation of lactic acid
from lactose through the agency of the Dbacterium lactis.
Putrefactive bacteria in the alimentary canal may bring about
this same reaction. Lactose is nof fermentable by pure yeast.

Caseinogen, the principal proteid constituent of milk be-
lengs to the group of phospho-proteids. It has acidic properties
and combines with bases to produce salts. It is not coagulable
upon boiling and is precipitated from its neutral solution by
certain metallic salts as well as upon saturation with sodium
chloride or magnesium sulphate. Its acid solution is precipi-
tated by an excess of mineral acid.

Lactalbumin and lacto-globulin, the other proteid consti-
tuents of mulk, closely resemble serum albumin and serum
globulin in their general properties.

Colostrum 1s the name given to the product of the mam-
mary gland secreted for a short time before parturition and
during the early period of lactation (see Iig. 74, p. 188). It
is yellowish in color, contains more solid matter than ordinary
milk and has a higher specific gravity (1.040-1.080). The
most striking difference between colostrum and ordinary milk
is the high percentage of lactalbumin and lactoglobulin in the
former. This abnormality in the proteid content is respon-
sible for the coagulation of colostrum upon boiling.

EXPERIMENTS oN MILK.

1. Reaction.—Test the reaction of fresh cow’s milk to
litmus.

2. Biuret Test.—Make the biuret test according to direc-
tions given on page 45.

3. Microscopical Examination.—Examine fresh whole
milk, skimmed or centrifugated milk and colostrum under the
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guaiac without the addition of hydrogen peroxide or old tur-
pentine. See discussion on page 158.

10. Saturation with MgSO,.—Place about 5 c.c. of milk
in a test-tube and saturate with solid magnesium sulphate.
What is this precipitate?

11. Influence of Rennin on Milk.—Prepare a series of
five tubes as follows:

(a) 5 cc of fresh milk 4 0.2 per cent HCI (add drop by
drop until a precipitate forms).

(b) 5 cc. of fresh milk + 5 drops of rennin solution.

(c) 5 c.c of fresh milk + 10 drops of 0.5 per cent Na,CO,.

(d) 5 c.c of fresh milk + 10 drops of ammonium oxalate.

(¢) 5 c.c. of fresh milk 4 5 drops of 0.2 per cent HCL.

Now to each of the tubes (¢), (d) and (e) add 5 drops of
rennin solution.  Place the whole series of five tubes at 40° C.
and after 10-15 minutes note what is occurring in the differ-
ent tubes. Give a reason for each particular result.

12. Preparation of Caseinogen.—Fill a large beaker one-
third full of skimmed (or centrifugated) milk and dilute it
with an equal volume of water. Add dilute hydrochloric acid
until a flocculent precipitate forms. Stir after each acidifica-
tion and do not add an excess of the acid as the precipitate
would dissolve. Allow the precipitate to settle, decant the
supernatant fluid and reserve it for use in later (13-15) ex-
periments. Filter off the precipitate of caseinogen and remove
the excess of moisture by pressing it between filter papers.
Transfer the caseinogen to a small beaker, add enough g5
per cent alcohol to cover it and stir for a few moments.
Filter, and press the precipitate between filter papers to remove
the alcohol. Transfer the caseinogen again to a small dry
beaker, cover the precipitate with ether and heat on a water-
bath for ten minutes, stirring continuously. Filter (reserve
the filtrate), and press the precipitate as dry as possible be-
tween filter papers. Open the papers and allow the ether to
evaporate spontaneously. Grind the precipitate to a powder
in a mortar. Upon the caseinogen prepared in this way make
the following tests:
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(b) Dissolve the crystals in nitric acid. Test part of the
acid solution for phosphates. Render the remainder of the

solution slightly alkaline with ammonia, then acidify with acetic
acid and add ammonium oxalate. Examine the crystals under
the microscope and compare them with those in Fig. g9, p. 320.

15. Detection of Lactose.—Concentrate the filtrate from
the calcium phosphate until it is of a syrup-like consistency.
Allow it to stand over night and observe the formation of
crystals of lactose. Make the following experiments:

(a) Microscopical Examination.—Examine the crystals and
compare them with those in Fig. 75, page 18q.

(b) Fehling’'s Test—Try Fehling’s test upon the mother
liquor.

(¢) Phenylhydrazin Test.—Apply the phenylhydrazin test
to some of the mother liquor according to the directions given
on page 3.

16. Milk Fat.—(a) Evaporate the ether filtrate from the
caseinogen ( Experiment 12) and observe the fatty residue.
The milk fat was carried down with the precipitate of case-
inogen and was removed when the latter was treated with
ether. If centrifugated milk was used in the preparation of
the caseinogen the amount of fat in the ether filtrate may be
very small. To secure a larger vield of fat proceed accord-
ing to directions given under (b) below.

(b) To 25 c.c. of whole milk in an evaporating dish add a
little sand or filter paper and evaporate the fluid to dryness
on a water-bath. Grind or break up the residue after cooling
and extract with ether in a flask.  Filter and remove the ether
from the filtrate by evaporation. How can you identify fats
in the ethereal residue?

17. Saponification of Butter.—Dissolve a small amount of
butter in alcohol made strongly alkaline with potassium hy-
droxide. Place the alcoholic-potash solution in a casserole,
add about 100 c.c. of water and boil for 10-15 minutes or
until the odor of aleohol cannot be detected. Place the cas-
serole in a hood and neutralize the solution with sulphuric
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smaller percentage in cartilage, bone and ligament, but the
collagen from the various sources is not identical in composi-
tion. In common with the keratins, collagen is insoluble in
the usual proteid solvents. It differs from keratin in con-
taining less sulphur. One of the chief characteristics of col-
lagen is the property of being hydrolyzed by boiling acid or
water with the formation of gelatin. It gives Millon's re-
action as well as the xanthoproteic and biuret tests.

The form of white fibrous tissue most satisfactory for gen-
eral experiments is the fendo Achillis of the ox. According

to Buerger and Gies the fresh tissue has the following com-
position :

B e B g 62.87%
o s e S e e e e s 7o 37.13
INOTEENIC THALERT o s i s m s e e e ek et L 0.47
Orgarine MOEEEE dos s voive ve wsies s R R s e A B S 36.66
Fatty substance (ether-soluble)...,........... 1.04
Coagulable protend” oo ool o inm St 0.22
Mucoid ....... R e S AT R 1.28
Blashani: vt s s e S S e R 1.63
CONBEER . e o et o e i S I 31.50
Bt i 08, SBEE ol o0 ek ach i At AT Ry 0.00

The mucoid mentioned above is called fendomucoid and is
a glucoproteid. It possesses properties similar to those of
other connective tissue mucoids, e. g.,-0sseomucoid and chon-
dromucoid.

Gelatin, the body which results from the hydrolysis of col-
lagen, is also an albuminoid. It responds to nearly all the pro-
teid tests. It differs from the keratins and collagen in being
easily digested and absorbed. Gelatin is not a satisfactory
substitute for the proteid constituents of a normal diet how-
ever, since a certain portion of its nitrogen is not available
for the uses of the organism. Gelatin from cartilage differs
from the gelatin from other sources in containing a lower
percentage of nitrogen.

ExpreriMENTS oN WHITE Fisrous TISSUE.

The tendo Achillis of the ox may be taken as a satisfactory
type of the white fibrous connective tissue.
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(e) Hopkins-Cole Reaction.

(f) Test for Loosely Combined Sulphur.—Take a large
piece of collagen in a test-tube and add about 5 c.c. of KOH
solution. Heat until the collagen is partly decomposed, then
add 1—2 drops of plumbic acetate and again heat to boiling.

(g) Huydrolysis of Collagen.—Transfer the remainder of
the pieces of collagen to a casserole, fill the vessel about two-
thirds full of water and boil for several hours, adding water at
intervals as needed. By this means the collagen is hydrolyzed
and a body known as gelatin is formed,

3. Gelatin.—On the gelatin formed from the hydrolysis
of collagen in the above experiment (g), or on gelatin fur-
nished by the instructor make the following tests:

(a) Solubility.—Try the solubility in the ordinary solvents
(see page 4) and in hot water.

(&) Millow's Reaction.

(¢) Hopkins-Cole Reaction.—Conduct this test according to
the modification given on page 57.

(d) Test for Loosely Combined Sulphur.

Make the following tests upon a selufion of gelatin in hot
water :

(a) Precipitation by Mineral Acids.—Is it precipitated by
strong mineral acids such as concentrated hydrochloric acid?

(b) Salting-Out Experiment.—Saturate a little of the solu-
tion with solid ammonium sulphate. Is the gelatin precip-
itated? Repeat the experiment with sodium chloride. What
1s the result?

(¢) Precipitation by Metallic Salts—Is it precipitated by
metallic salts such as cupric sulphate, mercuric chloride and
plumbic acetate?

(d) Coagulation Test.—Does it coagulate upon boiling ?

(e) Precipitation by Alkaloidal Reagents—Is it precipi-
tated by such reagents as picric acid, tannic acid and trichlor-
acetic acid?

(f) Biuret Test.—Does it respond to the biuret test?
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tc extract for 48-72 hours. Decant the lime-water, remove
all traces of alkali by washing in water and then boil in water
with repeated renewals until only traces of proteid material
can be detected in the wash water. Decant the fluid and beil
the ligament in 10 per cent acetic acid for a few hours. Treat
the pieces with 5 per cent hydrochloric acid at room temper-
ature for a similar period, extract again in hot acetic acid and
iri cold hydrochloric acid. Wash out traces of acid by means
oi water and then thoroughly dehydrolyze by beiling alcohol
and boiling ether in turn. Dry in an air-bath and grind to a
powder in a mortar.

2. Solubility.—Try the solubility of the finely divided
elastin, prepared by yourself or-furnished by the instructor,
in the ordinary solvents (see page 4). How does its solu-
bility compare with that of collagen?

3. Millon’s Reaction.

4. Xanthoproteic Reaction.

5. Biuret Test.

LE

0. Hopkins-Cole Reaction.—Conduct this test according
to the modification given on page 51.
7. Test for Loosely Combined Sulphur.

III. CARTILAGE.

The principal solid constituents of the matrix of cartilagi-
nous tissue are chondromucoid, chondroitin-sulphuric acid,
chondroalbumoid and collagen. Chondromucoid differs from
the mucoids 1solated from other connective tissues in the large
amount of chondroitin-sulphuric acid obtained upon decom-
position. Besides being an important constituent of all forms
of cartilage, chondroitin-sulphuric acid has been found in
bone, ligament, the mucosa of the pig’s stomach, the kidney of
the ox, the inner coats of large arteries and in human urine.
It may be decomposed through the action of acid and yields
a nitrogenous body known as chondroitin and later this body
yields chondrosin. Chondrosin is also a nitrogenous body and
has the power of reducing IFehling’s solution more strongly
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(¢) To the remainder of the solution add a little dilute
hydrochloric acid and boil for a few moments. Cool the solu-
tion, neutralize with solid KOH and try Fehling’s test. Ex-
plain the result.

IV. OS5EO0US TISSUE.

Bone is composed of about equal parts of organic and in-
organic matter. The organic portion, called ossein, may be
obtained by removing the inorganic salts through the medium
of dilute acid. Ossein is practically the same body which is
termed collagen in the other connective tissues, and in com-
mon with collagen may be hydrolyzed with weak acids to form
gelatin.

In common with the other connective tissues bone contains
a mucoid and an albumoid. Because of their origin these
bodies are called osseomucoid and osseoalbumoid. Osseo-
mucoid, when boiled with hydrochloric acid, yields sulphuric
acid and a substance capable of reducing Fehling’s solution.
The composition of osseomucoid is very similar to that of
tendomucoid and chondromucoid (see page 62).

EXPERIMENT oN (Ossegous TISSUE.

Analysis of Bone Ash.—Take one gram of bone ash in
a small beaker and add a little dilute nitric acid. What does
the effervescence indicate? Stir thoroughly and when the
major portion of the ash is dissolved add an equal volume of
water and filter. To theacid filtrate add ammonium hydroxide
to alkaline reaction. A heavy white precipitate of phosphates
results. (What phosphates are precipitated here by the
ammonia?) Filter and test the filtrate for chlorides, sul-
phates, phosphates and calcium. Add dilute acetic acid to the
precipitate on the paper and test this filtrate for calcium and
phosphates. To the precipitate remaining undissolved on the
paper add a little dilute hydrochloric acid and test this last
filtrate for phosphates and iron.

Reference to the following scheme may facilitate the analysis.






CHAPTER XIV.
MUSCULAR TISSUE.

The muscular tissues are divided physiologically into the
voluntary and the involuntary. In the chemical examination
of muscular tissue the voluntary form is generally employed.
Muscle contains about 25 per cent of solid matter, of which
about four-fifths is proteid material and the remaining one-
fifth extractives and inorganic salts. '

The proteids are the most important of the constituents of
muscular tissue. In the living muscle we find two proteids,
myosinogen and para-myosinogen. These may be shown to
be present in muscle plasma expressed from fresh muscles.
In common with the plasma of the blood this muscle plasma
has the power of coagulating, and the clot formed in this
process 1s called myosin. In the onset of rigor mortis we have
an indication of the formation of this myosin clot within the
body. The relation between the proteids of living and dead
muscle is represented graphically by Halliburton as follows :

Proteids of the living muscle.

e o R S
Para-myosinogen. Myosinogen.
Soluble myosin.
e
Myosin.

{The proteid of the muscle clot.)

Of the total proteid content of living muscle about 75 per
cent is made up by the myosinogen and the remaining 25 per
cent is para-myosinogen. These proteids may be separated
by subjecting the muscle plasma to fractional coagulation in

the usual way. Under these conditions the para-myosinogen
206
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is found to coagulate at 47° C. and the myosinogen to coagu-
late at 56° C. It is also claimed by some investigators that
it is possible to separate these two proteids by the fractional
ammonium sulphate method, but the possibility of making an
accurate separation by this method is somewhat doubtful. It
is well established that para-myosinogen is a globulin since it
responds to certain of the proteid precipitation tests and is
insoluble in water. Myosinogen, on the contrary, is not a
typical globulin since it is soluble in water. It has been called
a pseudo-globulin. Myosin possesses the globulin character-
istics. It i8 insoluble in water but soluble in the other proteid
solvents and is precipitated from its solution upon saturation
with sodium chloride.

Under the name extractives we class a number of muscle
constituents which occur in traces in the tissue and may be
extracted by water, alcohol or ether. There are two classes
of these extractives, the non-nitrogenous extractives and the
nitrogenous extractives. Grouped under the non-nitrogenous
bodies we have glycogen, dextrin, sugars, lactic acid, inosit,
CeHgz(OH)g, and fat. In the class of nitrogenous extractives
we have creatin, creatinin, xanthin, hypoxanthin, uric acid,
urea, carnin, phosphocarnic acid, inosinic acid, carnosin and
taurin (see formulas on page 210). Not all of these extrac-
tives are present in the muscles of all species of animals. Other
extractives besides those enumerated above have been described
and there are undoubtedly still others whose presence remains
undetermined. A detailed consideration would however be
unprofitable in this place.

Glycogen is an important constituent of muscle. The con-
tent of this polysaccharide in muscle varies and 1s markedly
decreased by intense muscular activity. It is transformed into
sugar and used as fuel. The liver is the organ which stores
the reserve supply of glycogen and transforms it into dextrose
which is passed into the blood stream and so carried to the
working muscle where it is synthesized into glycogen. The
glycogen thus formed is then changed into dextrose as the
working muscle may need it.
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Glycogen is a polysaccharide and has the same percentage
composition as starch and dextrin. It resembles starch in
forming an opalescent solution and resembles dextrin in being
very soluble, in giving a reddish color with iodine and in being
dextro-rotatory. Glycogen may be prepared from muscle by
extracting with boiling water and then precipitating the gly-
cogen from the aqueous solution by alcohol: dilute or concen-
trated KOH may also be used to extract the glycogen. Gly-
cogen may be prepared in the form of a white, tasteless, amor-
phous powder. Itiscompletely precipitated from its solution by
saturation with solid ammonium sulphate, but is not precipitated
by saturation with sodium chloride. It may also be precipitated
by alcohol, tannic acid or ammoniacal basic lead acetate. It has
the power of holding cupric hydroxide in solution in alkaline
fluids but cannot reduce it. It may be hydrolyzed with the
formation of dextrose by dilute mineral acids and is readily
digested by amylolytic enzymes.

The lactic acid occurring in the muscular tissue of verte-
brates 1s paralactic or sarcolactic acid,

e
H—{|3—(|]—GOOH.
2 I 2 L0

The reaction of an inactive living muscle is alkaline, but upon
the death of the muscle, or after the continued activity of a
living muscle, the reaction becomes acid, due to the formation
of lactic acid. There is a difference of opinion regarding the
origin of this lactic acid. Some investigators claim it to arise
from the carbohvdrates of the muscle, while others ascribe to
it a proteid origin.

Among the nitrogenous extractives of muscle, those which
are of the most interest in this connection are creatin and the
purin bases, xanthin and hypoxanthin. Creatin is found in
varying amounts in the muscles of different species, the mus-
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It is readily soluble in alkalis, acids and boiling water, less
soluble in cold water and practically insoluble in aleohol and
ether.

The predominating inorganic salt of muscle is potassium
phosphate. Besides this salt we have present sulphates, chlo-
rides and salts of sodium, calcium, magnesium and iron.

Fic, 78.

HNANTHIN,

After the drawings of Horbaczewski, as represented in Neubauer and Vogel
(Ogden.)

Muscular tissue is said to contain a reddish pigment called
myohematin, which is a derivative of hazmoglobin.

The ordinary commercial “ meat extract ”’ is composed prin-
cipally of the water-soluble constituents of muscle and con-
tains practically nothing of nutritive value. The proteid mate-
rial to which meat owes its value as an article of diet is
practically all removed in the preparation of the extract.

The structural formulas of the nitrogenous extractives of
muscle are as follows:

TTHE HIE\T—-CO
HN = ([} HN (j]

N-CH,-CH,- COOH N-CH,CH,
CrEATIN, C,HyNa0s. CreaTiniy, C,H:Nz0.

Methyl-puanidin acetic acid. Creatin anhydride.
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Hl'li-—(‘?()
HN-C C—NH

[l

N—C—N

Guanix, CyHsN:O.
2-amine-G-oxrypurin.

ExPERIMENTS 0N Muscurar TISSUE.
I. Experiments on “ Living ” Muscle.

1. Preparation of Muscle Plasma (Halliburton).—Wash
out the blood vessels of a freshly killed rabbit with 0.9 per
cent sodium chloride. This can best be done by opening the
abdomen and inserting a cannula into the aorta. Now re-
move the skin from the lower limbs, cut away the muscles and
divide them into very small pieces by means of a meat
chopper. Transfer the pieces of muscle to a mortar and grind
them with clean sand and a little 5 per cent magnesium sul-
phate. Filter off the salted muscle plasma and make the fol-
lowing tests:

(a) Reaction—Test the reaction to litmus. What is the
reaction of this fresh muscle plasma?

(b) Fractional Coagulation—Place a little muscle plasma
in a test-tube and arrange the apparatus_for fractional coagu-
lation as explained on page 50. Raise the temperature very
carefully from 30° C. and note any changes which may occur
and the exact temperature at which such changes take place.
When the first proteid (para-myosinogen) coagulates filter it
off and then heat the clear filtrate as before, being careful to
note the exact temperature at which the next coagulation
(myosinogen) occurs. There will probably be a preliminary
opalescence in each case before the real coagulation occurs.
Therefore do not mistake the real coagulation-point and filter
at the wrong time. What are the coagulation temperatures
of these two proteids? Which proteid was present in greater
amount ?
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action of the alkalinity of the blood. Upon stimulating the
muscles, however, as above explained, lactic acid was formed
and this acid reacted with the fuchsin and again produced the
original color of the dye.

II. Experiments on “ Dead ” Muscle.

1. Preparation of Myosin.—Take 25 grams of finely
divided lean beef which has been carefully washed to remove
blood and lymph constituents and place it in a beaker with 10
per cent sodium chloride. Stir occasionally for several hours.
Strain off the meat pieces by means of cheese cloth, filter the
solution and saturate it with sodium chloride in substance.
Filter off the precipitate of myosin and make the tests as given
below. This filtration will proceed very slowly. Myosin
collects as a film on the sides of the filter paper and may be
removed and tested before the entire volume of fluid has been
filtered. Test the myosin precipitate as follows:

(a) Solubility—Try its solubility in the ordinary solvents.
Is myosin an albumin or a globulin?

(b) Xanthoproteic Reaction.—See page 44.

(¢) Coagulation Test.—Suspend a little of the myosin in
water in a test-tube and heat to boiling for a few moments.
Now remove the suspended material and try its solubility in
10 per cent sodium chloride. What property does this ex-
periment show myosin to possess?

Test the filtrate from the original myosin precipitate as
follows:

(@) Biuret Test.—What does this show?

(b) Place a little of the solution in a test-tube and heat
to boiling. At the boiling-point add a drop of dilute acetic
acid and filter. Test this filtrate for proteose with picric
acid. Is any proteose present? Saturate another portion of
the filtrate with ammonium sulphate and test for peptone in
the usual way (see page 59). Do you find any peptone?
From your experiments on ““ living ”” and “ dead ™’ muscle what
are your ideas regarding the proteids of muscle?
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generally necessary. Evaporate the solution to dryness.
Make the following tests on the crystals or residue:

(a) Xanthin Test.—Place about one-half of the crystalline
or amorphous material in a small evaporating dish, add a few

Fic. 8o

XANTHIN SILVER NITRATE.

drops of concentrated nitric acid and evaporate to dryness
very carefully on a water-bath. The yellow residue upon
moistening with caustic potash becomes red in color and upon
further heating assumes a purplish-red hue. Now add a few
drops of water and warm. In this way a yellow solution re-
sults which vields a red residue upon evaporation. How does
this differ from the Murexid test upon uric acid ?

(b) Weidel's Reaction—By gently heating bring the re-
mainder of the xanthin crystals or residue into solution in
bromine-water. Evaporate the solution to dryness on a water-
bath. Remove the stopper from an ammonia bottle and by
blowing across the mouth of the bottle direct the fumes of
ammonia so that they come in contact with the dry residue.
Under these conditions the presence of xanthin is shown by
the residue assuming a red color. A somewhat brighter color
may be obtained by using a trace of nitric acid with the

Bl ia o






CHAPTER X).
NERVOUS TISSUE.

In common with the other solid tissues of the body, nervous
tissue contains a large amount of water. The percentage of
water present depends upon the particular form of nervous
tissue but in all forms it is invariably greater in the gray matter
than in the white. Embryonic nervous tissues also contain a
larger percentage of water than the tissues of adult life. The
gray matter of.the brain of the feetus, for instance, contains
about g2 per cent of water, whereas the gray matter of the
brain of the adult contains but 83-84 per cent of the fluid.

Among the solid constituents of nervous tissue are profeids,
cholesterin, cerebrin, lecithin, kephalin, protagon(?), nuclein,
nenro-keratin, collagen, extractives and inorganic salts. The
proteids are present in the greatest amount and comprise about
50 per cent of the total solids. Three distinct proteids, two
globulins and a nucleo-proteid, have been isolated from ner-
vous tissue. The globulins coagulate at 47° C. and 70-75° C.
respectively, while the nucleo-proteid toagulates at 56-60° C.
This nucleo-proteid contains about 0.5 per cent of phosphorus
( Halliburton, Levene). Nervous tissue i1s composed of a rela-
tively large quantity of a variety of compounds which col-
lectively may be grouped under the term “lipoid "—substances
resembling the fats in some of their physical properties and
reactions but distinct in their composition. We will class
cerebrin, cholesterin and the phosphorized fats, as “ lipoids.™

The group of phosphorized fals are very important con-
stituents of nervous tissue. The best known members of this
group are lecithin, protagon (7)) and kephalin. Lecithin occurs
in larger amount than the other members of the group, has
been more thoroughly studied than the others and is apparently

of greater importance. Upon decomposition lecithin yields
220
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and the decomposition products of lecithin. It has very
recently been shown by Posner and Gies that protagon is a
mixture and has no existence as a chemical individual.

Kephalin is the third member of the group of phosphorized
fats. It is precipitated from its acetone-ether extract by
alcohol. It contains about 4 per cent of phosphorus and has
been given the formula C,,H.,NPO,,. Kephalin may be a
stage in lecithin metabolism.

Cerebrin, a substance containing nitrogen but no phos-
phorus, is an important constituent of the white matter of
nervous tissue. It has also been found in the spleen, pus
and in egg volk. It may be extracted from the tissue by boil-
ing alcohol and is insoluble in cold aleohol, cold and hot ether
and in water and dilute alkalis. Cerebrin is a mixture con-
taining phrenosin (pseudo-cerebrin or cerebron), a body yield-
ing the carbohydrate galactose on decomposition.

Cholesterin, one of the primary cell constituents, is present
in fairly large amount in nervous tissue. It is a mon-atomic
alcohol with the formula C,.H,,;OH. It was formerly called
a “ non-saponifiable fat’ but since it is not changed in any
way by boiling alkalis it is not a fat. It is soluble in ether,
chloroform, benzene and hot alcohol. It crystallizes in the
form of thin, colorless, transparent plates (Fig. 42, p. —).
Cholesterin occurs abundantly in one form of biliary calculus.
It has also been found in feces, wool Tat, egg yolk, and milk,
frequently in the form of its esters of higher fatty acids.

Nervous tissue yields about 1 per cent of ash which is made
up in great part of alkaline phosphates and chlorides.

ExrERIMENTS ON THE Liroips oF NEervous Tissug.?

1. Preparation of Lecithin.—Treat the macerated brain
of a sheep with ether and allow it to stand in the cold for

! Preparation of So-called Protagon.—Macerate the brain of a sheep, treat
with 85 per cent alcohol and warm on a water-bath at 45° C. for two hours.
Filter hot into a bottle or strong flask and cool to 0° C. for one-half hour by
means of a freezing mixture. By this procedure both protagon and choles-
terin are caused to precipitate. Filter the cold solution rapidly and treat
the precipitate on the paper with ice cold ether to dissolve out the choles-
terin. The protagon may now be redissolved in warm 85 per cent alcohol
from which solution it will precipitate upon cooling.
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(¢) The Liebermann-Burchard Test.—Dissolve a few crys-
tals of cholesterin in 2 c.c. of chloroform in a dry test-tube.
Now add 10 drops of acetic anhydride and 1—3 drops of con-
centrated sulphuric acid. The solution becomes red, then
blue, and finally bluish-green in color.

(d) Salkowski's Test—Dissolve a few crystals of choles-
terin in a little chloroform and add an equal volume of con-
centrated sulphuric acid. A play of colors from bluish-red
to cherry-red and purple is noted in the chloroform, while the
acid assumes a marked green fluorescence.

(e) Schiff's Reaction.—To a little cholesterin in an evapor-
ating dish add a few drops of Schiff’s reagent." Evaporate
to dryness over a low flame and observe the reddish-violet
residue which changes to a bluish-violet.

(f) Phosphorus.—Test for phosphorus according to direc-
tions given on page 223. Is phosphorus present?

3. Preparation of Cerebrin.—Treat the macerated brain
tissue, in a flask, with 95 per cent alcohol and boil on a water-
bath for one-half hour, keeping the volume constant by adding
fresh alcohol as needed. Filter the solution hof and stand
the cloudy filtrate away for twenty-four hours. (If the fil-
trate 1s not cloudy concentrate it upon the water-bath until
it is so.) Filter off the cerebrin and test it as follows:

(a) Microscopical Examination.—Suspend a small portion
in a drop of water on a slide and examine under the micro-
scope.

(b) Solubility—Try the solubility of cerebrin in the usual
solvents and in hot and cold alcohol and hot and cold ether.

(¢) Phosphorus—Test for phosphorus according to direc-
tions on page 223. How does the result compare with that
on lecithin.

(d) Place a little cerebrin on platinum foil and warm.
Note the odor.

(e) Hwydrolvsis of Cerebrin.—Place the remaining cerebrin

* Schiff's reagent consists of a mixture of three volumes of concentrated
sulphuric acid and one volume of 10 per cent ferric chloride.
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URINE: GENERAL CHARACTERISTICS OF NOR-
MAL AND PATHOLOGICAL URINE.

Volume.—The volume of urine excreted by normal individ-
nals, during any definite period, fluctuates within very wide
limits. The average output for twenty-four hours is placed
by German writers between 1,500 and 2,000 c.c. This value
is not strictly applicable to conditions in America however
since it has been found that the average normal excretion of
the adult male American falls within the lower values of
1,000-1,200 c.c. The volume-excretion is influenced greatly
by the diet, particularly by the ingestion of fluids.

Certain pathological conditions cause the output of urine
for any definite period to depart very decidedly from the nor-
mal output. Among the pathological conditions in which the
volume of urine is increased above normal are the following:
Diabetes mellitus, diabetes insipidus, certain diseases of the
nervous system, contracted kidney, amyloid degeneration of
the kidney and in convalescence from acute diseases in gen-
eral. Many drugs such as calomel, digitalis, acetates and
salicylates also increase the volume of the urine excreted. A
decrease from the normal is observed in the following patho-
logical conditions: Acute nephritis, diseases of the heart and
lungs, fevers, diarrhcea and vomiting.

Color.—Normal urine ordinarily possesses a yellow tint,
the depth of the color being dependent in part upon the
density of the fluid. The color of normal urine is due prin-
cipally to a pigment called wrochrome: traces of hematopor-
phyrin, urobilin and wuroerythrin, have also been detected.
Under pathological conditions the urine is subject to pro-
nounced variations in color and may contain many varieties
of pigments. Under such circumstances the urine may vary
in color from an extremely light yellow to a very dark brown

226
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Transparency.— Normal urine is ordinarily perfectly clear
and transparent when voided. On standing for a variable
time, however, a cloud (nubecula) consisting principally of
nucleo-proteid or mucoid (see p. 264) and epithelial cells
forms. A turbidity due to the precipitation of phosphates is
normally noted in urine passed after a hearty meal. The
urine obtained 2—3 hours after a meal or later is ordinarily
free from turbidity. Permanently turbid urines ordinarily
arise from pathological conditions.

Odor.—The odor of normal urine is of a faint, aromatic
type. The bodies to which this odor is due are not well known,
but it is claimed by some investigators to be due, at least in
part, to the presence of minute amounts of certain volatile
organic acids. When the urine undergoes decomposition, e. g.,
in alkaline fermentation a very unpleasant ammoniacal odor
is evolved. All urines are subject to such decomposition if
allowed to stand for a sufficiently long time. Under normal
conditions the urine very often possesses a peculiar odor due
to the ingestion of some certain drug or vegetable. For
instance, cubebs, copaiba, myrtol, saffron, tolu and turpentine
each imparts a somewhat specific odor to the urine. After
the ingestion of asparagus, the urine also possesses a typical
odor,

Frequency of Urination.—The frequency of urination
varies greatly in different individuals ‘but in general is de-
pendent upon the amount of fluid in the bladder. In patho-
logical conditions an inflammatory affection of the urinary
tract or any disturbance of the innervation of the bladder will
influence the frequency. Affections of the spinal cord which
lead to an increased irritability of the bladder or a weakening
of the sphincter will result in increasing the frequency of
urination.

Reaction.—The mixed twenty-four hour urinary excretion
of a normal individual ordinarily possesses an acid reaction
to litmus. This acidity is now believed to be due to the pres-
ence of various acidic radicals and not to the presence of
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factor in determining the reaction of the urine. The reaction
ordinarily varies considerably according to the time of day
the urine is passed. For instance for a variable length of time
after a meal the urine may be neutral or even alkaline in re-
action to litmus, owing to the claim of the gastric juice upon
the acidic radicals to further the formation of hydrochloric
acid for use in carrying out the digestive secretory function.
This change in reaction is known as the alkalme tide and is
common to perfectly healthy individuals. The urine may also
become temporarily alkaline in reaction to litmus, as the result
of ingesting alkaline carbonates or certain salts of tartaric and
citric acids which may be transformed into carbonates within
the organism. Normal urine upon standing for some time
becomes alkaline in reaction to litmus, owing to the inception
of alkaline or ammoniacal fermentation through the agency
of micro-organisms. This fermentation has no especial diag-
nostic value except in cases where the urine has undergone this
change zwithin the organism and is voided in the decomposed
state. Ammoniacal fermentation is ordinarily due to cystitis
or occurs as the result of infection in the process of catheteriza-
tion. A microscopical examination of such urine (Fig. 81,
p. 229) shows the presence of ammonim magnestum phos-
phate crystals, amorphous phosphates and not infrequently
animoninn wrate.

Occasionally a urine which possesses a normal acidity when
voided, upon standing instead of undergoing ammoniacal fer-
mentation as above described will become still more strongly
acid in reaction. Such a phenomenon is termed acid fermenta-
tion. Accompanying this increased acidity there is ordinarily
a deepening of the tint of the urinary color. Such urines may
contain acid wrates, wric acid, fungi and calcium oxalate (Fig.

2, p- 229). On standing for a sufficiently long time any urine
which exhibits acid fermentation will ultimately change in re-
action, due to the inception of alkaline fermentation, and will
show the microscopical deposits characteristic of such a urine.

Specific Gravity.—The specific gravity of the urine of
normal individuals varies ordinarily between 1.015 and 1.025.
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reverse conditions are more apt to prevail. In fact under most
conditions, whether physiological or pathological, the specific
gravity of the urine is inversely proportional to the volume
excreted. This is not true of diabetes mellitus, however, where
the volume of urine is large and the specific gravity is also
high, owing to the sugar contained in the urine.

The amount of solids eliminated in the excretion for twenty-
four hours may be roughly calculated by means of Long’s
Coefficient, i. e., 2.6. The solid content of 1,000 c.c. of urine
is obtained by multiplying the last two figures of the specific
gravity observed at 25° C. by 2.6. To determine the amount
of solids excreted in twenty-four hours if the volume was
1,120 c.c. and the specific gravity was 1.018 the calculation
.would be as follows:

(@) 18 X 2.6=—=46.8 grams of solid matter in 1,000 c.c. of
urine.

(3) 4

of urine.

8% 1120 : .
s = 52.4 grams of solid matter in 1,120 c.c.

The coefficient of Hiser (2.33) which has been in use for
years probably gives values that are inaccurate for conditions
existing in America.

Freezing-Point (Cryoscopy).—The {reezing-point of a
solution depends upon the total number of molecules of solid
matter dissolved in it. The determination of the osmotic pres-
sure by this method has recently come to be of some clinical
importance particularly as an aid in the diagnosis of kid-
ney disorders. In this connection it 1s best to collect the
urine from each kidney separately and determine the freezing-
point in the individual samples so collected. By this means
considerable aid in the diagnosis of renal diseases may be
secured. The fluids most frequently examined cryoscopically
are the blood (see p. 148) and the urine. The freezing-point
is denoted by A, The value of A for normal urine varies ordi-
narily between — 1.3° and — 2.3° C., the freezing-point of
pure water being taken as 0°. A is subject to very wide fluc-
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and into this air-jacket is lowered a smaller tube (A) con-
taining the fluid to be tested. A very delicate thermom-
eter (D), graduated in hundredths of a degree is intro-
duced into the inner tube and is held in place by means of a
cork so that the mercury bulb is immersed in the fluid under
examination but does not come in contact with any glass sur-
face. A small platinum wire stirrer serves to keep the fluid
under examination well mixed while a larger stirrer is used to
manipulate the freezing mixture. (Rock salt and ice in the
proportion 1:3 form a very satisfactory freezing mixture.)
In making a determination of the freezing-point of a fluid
by means of the Beckmann-Heidenhain apparatus proceed as
follows: Place the freezing mixture in the battery jar and add
water (if necessary) to secure a temperature not lower than
3° C. Introduce the fluid to be tested into tube A, place the
thermometer and platinum wire stirrer in position and insert
the tube into the air jacket which has previously been inserted
through the metal cover of the battery jar. Manipulate the
two stirrers in order to insure an equalizataion of temperature
and observe the course of the mercury column of the ther-
mometer very carefully. The mercury will gradually fall and
this gradual lowering of the temperature will be followed by
a sudden rise. The point at which the mercury rests after
this sudden rise is the freesing-point. = This rise is due to the
fact that previous to freezing, a fluid is always more or less
over cooled and the thermometer temporarily registers a tem-
perature somewhat below the freezing-point. As the fluid
freezes however there is a very sudden change in the tem-
perature of the liquid and this change is imparted to the ther-
mometer and causes the rise as indicated. It occasionally
occurs that the fluid under examination is very much over
cooled and does not freeze. Under such circumstances a small
piece of ice is introduced into it by means of the side tube
noted in the figure. This so-called * inoculation ’ causes the
fluid to freeze instantaneously. (For details of the method

a
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is a very satisfactory preservative since the excess may be re-
moved by filtration, if desired, and any small amount which
may go into solution will have no appreciable influence upon
the determination of any of the urinary constituents. It has
no reducing power and so may safely be used to preserve dia-
betic urines. To insure the preservation of the mixed urine of
the twenty-four hour period it is advisable to place a small
amount of the thymol powder in the urine receptacle before
the first fraction of urine is voided.

In certain pathological conditions it is desirable to collect
the urine passed during the day separately from that passed
during the night. When this is done the urine voided between
8 A. M. and & P. M. may be taken as the day sample and that
voided between 8 P. M. and 8 A. M. as the night sample.

The gualitative testing of urine voided at randomn, except
in a few specific instances, is of no particular value so far as
giving us any accurate knowledge as to the exact urinary
characteristics of the individual is concerned. In the great
majority of cases the qualitative as well as the quantitative
tests should be made upon the mixed excretion for a twenty-
four hour period.
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of decreasing the amount of proteid metabolized. This same
investigator reports a hospital case in which only 14.7 per cent
of the total nitrogen was present as urea and about 40 per
cent was present as ammonia. Morner had previously reported
a case in which but 4.4 per cent of the total nitrogen of the
urine was present as urea, and 26.7 per cent was present as
ammonia. :

Urea occurs most abundantly in the urine of man and car-
nivora and in somewhat smaller amount in the urine of herbi-
vora; the urine of fishes, amphibians and certain birds also
contains a small amount of the substance. Urea is also found
in nearly all the fluids and in many of the tissues and organs
of mammals. The amount excreted under normal conditions,
by an adult man in 24 hours is about 30 grams; women excrete
a somewhat smaller amount. The excretion is greatest in
amount after a diet of meat, and least in amount after a diet
consisting of non-nitrogenous foods; this is due to the fact
that the last mentioned diet has a tendency to decrease the
metabolism of the tissue proteids and thus cause the output
of urea under these conditions to fall below the output of urea
observed during starvation. The output of urea is also in-
creased after copious water- or beer-drinking. This increase
is due primarily to the washing out of the tissues of the urea
previously formed, but which had not been removed in the nor-
mal processes, and, secondarily to a stimulation of proteid
catabolism.

Urea may be formed in the organism from amino acids
such as leucin, glycocoll and aspartic acid: it may also be
formed from ammonium carbonate (NH,),CO, or ammoniumn
carbamate, H.NO*CO ' NH.,.

There are differences of opinion regarding the transforma-
tion of the substances just named into urea but there is rather
conclusive evidence that at least a part of the urea is formed
in the liver; it may be formed in other organs or tissues as well.

Urea crystallizes in long, colorless, four or six-sided, anhy-
drous, rhombic prisms (Fig. 85, p. 239), which melt at 132° C.
and are soluble in water or alcohol and insoluble in ether or
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A decrease in the excretion of urea is observed in many
diseases in which the diet is much reduced and in some dis-
orders as a result of alterations in metabolism, e. g., myxce-
dema, and in others as a result of changes in excretion, as in

TUreEa NITRATE.

severe and advanced kidney disease. A pathological increase
is found in a large proportion of diseases which are asso-
ciated with a toxic state.

ExpPErRIMENTS ON UREA.

1. Isolation from the Urine.—Place 8co c.c. of urine in a
precipitating jar, add 250 c.c. of baryta mixture® and stir thor-
oughly. Filter off the precipitate of phosphates, sulphates,
urates and hippurates and evaporate the filtrate on a water-
bath to a thick syrup. This syrup contains chlorides, creatinin,
organic salts, pigments and urea. Extract the syrup with
warm g3 per cent alcohol and filter again. The filtrate contains
the urea contaminated with pigment. Decolorize the filtrate
by boiling with animal charcoal, filter again and stand the

! Baryta mixture consists of a mixture of one volume of a saturated
solution of Ba{NOs): and two volumes of a saturated solution of Ba(OH)..
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filtrate away in a cold place for crystallization. Examine the
crystals under the microscope and compare them with those
shown in Fig. 85, page 230.

2. Solubility.—Test the solubility of urea, prepared by
yourself or -furnished by the instructor, in the ordinary sol-
vents (see p. 4) and in alcohol and ether,

3. Melting-Point.—Determine the
melting-point of some pure urea furnished
by the instructor. Proceed as follows:
Into an ordinary melting-point tube,
sealed at one end, introduce a crystal of
urea. I‘asten the tube to the bulb of a
thermometer as shown in Fig. 87, p. 243,
and suspend the bulb and its attached
tube in a small beaker containing sul-
phuric acid. Gently raise the tempera-
ture of the acid by means of a low flame,
stirring the fluid continually, and note the
temperature at which the urea begins to
melt.

4. Crystalline Form.— Dissolve a
crystal of pure urea in a few drops of
95 per cent alcohol and place 1—2 drops
of the alcoholic solution on a microscopic
slide. Allow the alcohol to evaporate
spontaneously, examine the crystals under
the microscope and compare them with
those reproduced in Fig. 85, p. 239. Re-
crystallize a little urea from water in the MEeLTiNG-roinT TURES

¢ : Fastexep 1o Bure or
same way and compare the crystals with  Taermomerer
those obtained from the alcoholic solution.

5. Formation of Biuret.—Place a small amount of urea in
a dry test-tube and heat carefully in a low flame. The urea
melts at 132° C. and liberates ammonia. Continue heating
until the fused mass begins to solidify. Cool the tube, dis-
solve the residue in dilute potassium hydroxide solution and

add very dilute cupric sulphate solution (see p. 435). The
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which separates upon cooling concentrated urine; the alkaline
earth urates are very insoluble. Ordinarily uric acid occurs in
the urine in the form of urates and upon acidifying the liquid
the uric acid is liberated and deposits in crystalline form. This
property forms the basis for one of the older methods for the
quantitative determination of uric acid ( Heintz Method, p. 350).

Uric acid is very closely related to the purin bases as may
be seen from a comparison of its structural formula with
those of the purin bases given on page 211. According to the
purin nomenclature it is designated 2-6-8-trioxypurin. Uric
acid forms the principal end-product of the nitrogenous meta-
bolism of birds and scaly amphibians; in the human organism
it occupies the fourth position inasmuch as here urea, am-
monia and creatinin are the chief end-products of nitrog-
enous metabolism. The relation existing between uric acid
and urea in human urine under normal conditions varies on the
average from 1:40 to 1:100 and is subject to wider varia-
tions under pathological conditions. Because of the high
content of uric acid in the urine of new-born infants the ratio
may be reduced to 1:10 or even lower.

In man, uric acid probably results principally from the
destruction of nuclein material. It may arise from nuclein
or other purin material ingested as food or from the disin-
tegrating cellular matter of the organism. The uric acid
resulting from the first process is said to be of exvogenous
origin, whereas the product of the second form of activity is
said to be of endogenous origin. As the result of experimen-
tation, Sivén, and Burian and Schur, and Rockwood claim
that the amount of endogenous uric acid formed in any given
period is fairly constant for each individual under normal
conditions, and that it is entirely independent of the total
amount of nitrogen eliminated. Recently Folin has taken ex-
ception to the statements of these investigators and claims
that, following a pronounced decrease in the amount of pro-
teid metabolized, the absolute quantity of uric acid is decreased
but that this decrease is relatively smaller than the decrease

E
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creas and spleen; it also occurs in the blood of birds and has
been detected in traces in human blood under normal condi-
tions.

Pathologically, the excretion of uric acid is subject to wide
variations but the experimental findings are rather contradic-
tory. It may be stated with certainty, however, that in
leukaemia the uric acid output is increased absolutely as well
as relatively to the urea output; under these conditions the
ratio between the uric acid and urea may be as low as 1:09,
whereas the normal ratio, as we have seen, is 1:50 or higher.
In the study of the influence of X-ray on metabolism Edsall
has very recently reached some interesting conclusions. He
found that the excretion of uric acid is usually increased and
that in some conditions, particularly in leukzemia, it may be
greatly increased. The excretion of total nitrogen, phos-
phates and other substances may also be considerably increased,

ExpEriMENTS oN URric AcIiD.

1. Isolation from the Urine.—Place about 200 c.c. of
filtered urine in a beaker, render it acid with 2—10 c.c. of con-
centrated hydrochloric acid, stir thoroughly and stand the
vessel in a cold place for 24 hours. Examine the pigmented
crystals of uric acid under the microscope and compare them
with those shown in Fig. 101, p. 323 and PL V. opposite p. 247.

2. Solubility.—Try the solubility of pure uric acid, fur-
nished by the instructor, in the ordinary solvents (see p. 4)
and in alcohol, ether, concentrated sulphuric acid and in boiling
glycerin,

3. Crystalline Form of Pure Uric Acid.—Place about 100
c.c. of water in a small beaker, render it distinctly alkaline with
potassium hydroxide solution and add a small amount of pure
uric acid stirring continuously. Cool the solution, render it
distinctly acid with hydrochloric acid and allow it to stand
in a cool place for crystallization. Examine the crystals under
the microscope and compare them with those reproduced in

Fig. 89, page 249.
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after each addition. From this experiment what do you con-
clude regarding the possibility of arriving at an erroneous
decision when testing for sugar in the urine by.means of
Fehling’s test?

7. Reduction of Nylander’s Reagent.—To 5 c.c. of a solu-
tion of uric acid in potassium hydroxide add about one-half
a cubic centimeter of Nylander’'s reagent and heat to boiling
for a few moments. Do you obtain the typical black end-
reaction signifying the reduction of the bismuth?

It\TH —_ CO
CREATININ, ({— NH |

| |

N-GCH. - GH::

Creatinin is the anhydride of creatin and is a constituent of
normal human urine. It is derived from the creatin of in-
gested muscular tissue as well as from the creatin of the
muscular tissue of the organism. Under normal conditions
about 1 gram of creatinin is excreted by an adult man in 24
hours, the exact amount depending in great part upon the
nature of the food and decreasing markedly in starvation.
Very little that is'important is known regarding the excre-
tion of creatinin under pathological conditions. The creatinin
content of the urine is said to be increased in typhoid fever,
typhus, tetanus and pneumeonia, and to be decreased in anzmia,
chlorosis, paralysis and in advanced degeneration of the kid-
neys. The greater part of the data, however, relating to the
variation of the creatinin excretion under pathological condi-
tions are not of much value since, in nearly every instance,
the diet was not sufficiently controlled to permit the collection
of reliable data.

Creatinin crystallizes in colorless, glistening monoclinic
prisms (Fig. go, p. 251) which are soluble in about 12 parts
of cold water; they are more soluble in warm water and in
warm alcohol. One of the most important and interesting of
the compounds of creatinin is creatinin-sinc chloride,
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precipitated. TIilter off the precipitate, render the filtrate
slightly acid with acetic acid and evaporate it to a syrup.
While still warm this syrup is treated with about 50 c.c. of
95—97 per cent alcohol and the mixture allowed to stand 8-12
hours in a cool place. The precipitate is now filtered off and
the filtrate treated with a little sodium acetate and about one-
half c.c. of acid-free zinc chloride solution having a specific
gravity of 1.2. This mixture is stirred thoroughly and allowed
to stand in a cold place for 48-72 hours. Creatinin-zine
chloride (Fig. g1, below) will crystallize out under these con-

F1c. g1.

CrEaTININ-ZiNCe CHLORIDE. (Salkowski.)

ditions. Collect the crystals on a filter paper and wash them
with alcohol to remove chlorides. Now treat the zinc chloride
compound with a little warm water, boil with lead oxide and
filter. The filtrate may now be decolorized by animal charcoal,
evaporated to dryness and the residue extracted with strong
alcohol. (Creatin remains undissolved under these condi-
tions.) The alcoholic extract of creatinin is now evaporated
to incipient crystallization and left in a cool place until crys-
tallization is complete. If desired the crystals may be purified
by recrystallization from water.

2. Weyl’s Test.—Take 5 c.c. of urine in a test-tube, add a



URINE. 253

few drops of sodium nitro-prusside and render the solution
alkaline with potassium hydroxide solution. A ruby-red color
results which soon turns yellow. See Legal's test for ace-
tone, page 305.

3. Salkowski's Test.—To the vellow solution obtained in
Weyl's test above add an excess of acetic acid and apply heat.
A green color results and is in turn displaced by a blue color.
A precipitate of Prussian blue may form.

4. Jaffe’s Reaction.—Place 5 c.c. of urine in a test-tube,
add an aqueous solution of picric acid and render the mixture
alkaline with potassium hydroxide solution. A red color is
produced which turns yellow if the solution be acidified. Dex-
trose gives a similar red color but only upon the application
of heat. This color reaction observed when creatinin in alka-
line solution is treated with picric acid is the basic principle
of Folin’s colorimetric method for the quantitative determi-
nation of creatinin (see page 369).

ETHEREAL SULPHURIC ACIDS.

The most important of the ethereal sulphuric acids found
in the urine are phenol-sulphuric acid, p-cresol-sulphuric acid,
mdoxyl-sulphuric acid and skatoxyl-sulphuric acid. Pyro-
catechin-sulphuric acid also occurs in traces in human urine.
The total output of ethereal sulphuric acid varies from 0.09
to 0.62 gram for 24 hours. In health the ratio of ethereal sul-
phuric acid to inorganic sulphuric acid is about 1:10. These
ethereal sulphuric acids originate in part from the phenol,
cresol, indol and skatol formed in the putrefaction of proteid
material in the intestine. The phenol passes into the urine
directly as the corresponding ethereal sulphuric acid whereas
the indol and skatol undergo a preliminary oxidation to form
indoxyl and skatoxyl respectively before their elimination.

It has generally been considered that each of the ethereal
sulphuric acids was formed principally in the putrefaction of
proteid material in the intestine and that therefore a determi-
nation of the total ethereal sulphuric acid content of the urine
was an index of the extent to which these putrefactive proc-
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esses were proceeding within the organism. Recently, how-
ever, Folin has conducted a series of experiments which seem
to show that the ethereal sulphuric acid content of the urine
does not afford an index of the extent of intestinal putrefac-
tion, since these bodies arise only in part from putrefactive
processes. He claims that the ethereal sulphuric acid excretion
represents a form of sulphur metabolism which is more in
evidence upon a diet containing a very small amount of pro-
teid or upon a diet containing absolutely no proteid. The
ethereal sulphuric acid content of the urine diminishes as the
total sulphur content diminishes but the percentage decrease
1s much less, Therefore when considered from the stand-
point of the total sulphuric acid content the ethereal sulphuric
acid content is not diminished but is increased, although the
total sulphuric acid content is diminished. Folin’s experi-
ments also seem to show that the indoxyl sulphuric acid
( potassium indoxyl sulphate or indican) content of the urine
does not originate to any degree from the metabolism of
proteid material but that it arises in great part from intes-
tinal putrefaction and that the excretion of indoxyl sulphuric
acid may alone be taken as a rough index of the extent of
putrefactive processes within the intestine. Indoxyl sulphuric

acid,
CH

7\
H(i: IEH—E(O*SORHL
HE SO e

Nl

CH NH

therefore, which occurs in the urine as potassium indoxyl sul-
phate or indican,

H([‘ ﬁ’—'ICE{O*SOaK}.
EE 1 S SOHET

b
CH NH

is clinically the most important of the ethereal sulphuric acids.
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This acid occurs normally in the urine of both the carnivora
and herbivora but is more abundant in the urine of the latter.
It is formed by a synthesis of benzoic acid and glycocoll which
takes place in the kidneys. The average excretion of an adult
man for 24 hours under normal conditions is about 0.7 gram.
Hippuric acid crystallizes in needles or rhombic prisms (see

Fic. gz

Hirrunic Acip,

Fig. g2, above), the particular form depending upon the ra-
pidity of crystallization. It is easily soluble in alcohol or hot
water, and only slightly soluble in ether. The output of hip-
puric acid is increased in diabetes owing probably to the inges-
tion of much proteid and fruit. It is decreased in fevers and
in certain kidney disorders where the synthetic activity of the
renal cells is diminished.

ExpeEriMENTS oN Hirruric Acip.
1. Separation from the Urine.—Render 500-1000 c.c. of
urine of the horse or cow! alkaline with milk of lime, boil for

*If urine of the horse or cow is not available human urine may serve
the purpose fully as well provided means are taken to increase its content
of hippuric acid. This may be conveniently accomplished by ingesting 2
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COOH

OXALIC ACID,

COOH.

Oxalic acid is a constituent of normal urine, about 0.02
gram being eliminated in 24 hours. It is present in the urine
as calcium oxalate, which is kept in solution through the
medium of the acid phosphates. The origin of the oxalic acid
content of the urine is not well understood. It is eliminated,
at least in part, unchanged when ingested, therefore since
many of the common articles of diet, e. g., asparagus, apples,
cabbage, grapes, lettuce, spinach, tomatoes, etc., contain oxalic
acid it seems probable that the ingested food supplies a por-
tion of the oxalic acid found in the urine. There is also ex-
perimental evidence that part of the oxalic acid of the urine
is formed within the organism in the course of proteid and
fat metabolism. It has also been suggested that oxalic acid
may arise from an incomplete combustion of carbohydrates,
especially under certain abnormal conditions. Pathologically,
oxalic acid is found to be increased in amount in diabetes
mellitus, in organic diseases of the liver and in various other
conditions which are accompanied by a derangement of the
oxidation mechanism. An abnormal increase of oxalic acid
is termed oxaluria. A considerable increase in the content of
oxalic acid may be noted unaccompanied by any other apparent
symptom. Calcium oxalate crystallizes in at least two distinct
forms, dwmb-bells and octahedra (Fig. 99, page 320).

EXPERIMENTS.

1. Preparation of Calcium Oxalate.—Place 200-250 c.c.
of urine in a beaker, add 10 drops of a saturated solution of
oxalic acid and stand the beaker aside in a cool place for 24
hours. Examine the sediment under the microscope and com-
pare the crystalline forms with those shown in Fig. gg, p. 320.

2. Solubility.—Test the solubility of calcium oxalate in
the ordinary solvents (page 4) and in acetic and hydrochloric
acids.
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of women during pregnancy. Allantoin is formed by the oxi-
dation of uric acid and the output is increased by thymus or
pancreas feeding. When pure it crystallizes in prisms (Fig.
03, p- 259) and when impure in granules and knobs. Patho-
logically, it has been found increased in diabetes insipidus and
in hysteria with convulsions (Pouchet).

EXPERIMENTS.

. Separation from the Urine.'—Meissner’'s Method.—-
Precipitate the urine with baryta water. Neutralize the fil-
trate carefully with dilute sulphuric acid, filter immediately
and evaporate the filtrate to incipient crystallization. Com-
pletely precipitate this zearm fluid with g5 per cent alcohol
(reserve the precipitate). Decant or filter and precipitate the
solution by ether. Combine the ether and alcohol precipitates
and extract with cold water or hot alcohol; allantoin remains
undissolved. Bring the allantoin into solution in fiof water and
recrystallize.

Allantoin may be determined quantitatively by Loewi's
method.*

2. Preparation from Uric Acid.—Dissolve 4 grams of uric
acid in 100 c.c. of water rendered alkaline with potassium hy-
droxide. Cool and carefully add 3 grams of potassium per-
manganate, Filter, immediately acidulate the filtrate with
acetic acid and allow it to stand in a cool place over night.
Filter off the crystals and wash them with water. Save the
wash water and filtrate, unite them and after concentrating
to a small volume, stand away for crystallization. Now com-
bine all the crystals and recrystallize them from hot water,
Use these crystals in the experiments which follow.

3. Microscopical Examination.—Examine the -crystals
made in the last experiment and compare them with those
shown in Fig. 93, page 2359.

*The urine of the dog after thymus, pancreas or uric acid feeding may
be employed.

* Archiv fur Experimentelle Pathologie und Pharmakologie, 1900, xliv,
p. 20.
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tent, in particular by acute phosphorus poisoning. A fraction
of the total aromatic oxyacid content of the urine is in com-
bination with sulphuric acid, but the greater part is present in
the form of salts of sodium and potassium.

Homogentisic Acid or di-oxyphenyl-acetic acid.

O

(" CIH. - COOH,
<
OH

is another important oxyacid sometimes present in the urine.
Under the name glycosuric acid it was first isolated from the
urine by Prof. John Marshall of the University of Pennsylva-
nia; subsequently Baumann isolated it and determined its
chemical constitution. It occurs in cases of alcapfonuria. A
urine containing this oxyacid turns greenish-brown from the
surface downward when treated with a little sodium hydroxide
or ammonia. If the solution be stirred the color very soon
becomes dark brown or even black. Homogentisic acid re-
duces alkaline copper solutions but not alkaline bismuth solu-
tions. Uroleucic acid is similar in its reactions to homogentisic

acid.
Oxymandelic Acid or paraoxyphenyl-glycolic acid,
OH
e
CH(OH) - COOH,

has been detected in the urine in cases of yellow atrophy of
the liver.
Kynurenic Acid or y-oxy-B-quinoline carbonic acid,

J’C{I /C‘\?H
HC ¢ C-COOH,

I-I[],Z' ll“l‘ %H
Nl N
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acid has been detected in the urine of birds after the removal
ot the liver.
CH,- CO-NH-CH, COOH.
i
PHENACETURIC ACID, U

Phenaceturic acid occurs principally in the urine of herbivor-
ous animals but has frequently been detected in human urine.
It is produced in the organism through the synthesis of glyco-
coll and phenylacetic acid. It may be decomposed into its
component parts by boiling with dilute mineral acids. The
crystalline form of phenaceturic acid (small rhombic plates
with rounded angles) resembles one form of uric acid crystal.

PHOSPHORIZED COMPOUNDS.

Phosphorus in organic combination has been found in the
urine in such bodies as glycerophosphoric acid, which may
arise from the decomposition of lecithin, and phosphocarnic
acid. It is claimed that on the average about 2.5 per cent of
the total phosphorus elimination is in organic combination.

PIGMENTS.

There are at least three pigments normally present in human

urine. These pigments are wrochrome, urobilin and uroery-

thrin.
A. TROCHROME.

This 1s the principal pigment of normal urine and imparts the
characteristic yellow color to that fluid. It is apparently closely
related to its associated pigment urobilin since the latter may be
readily converted into urochrome through evaporation of its
aqueous-ether solution. Urochrome may be obtained in the
form of a brown, amorphous powder which is readily soluble
in water and g5 per cent alcohol. It is less soluble in absolute
alcohol, acetone, amyl alcohol and acetic ether and insoluble in
benzene, chloroform and ether. Urochrome is said to be a
nitrogenous body (4.2 per cent nitrogen), free from iron.
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may be found necessary to dilute the urine with water before
a distinct absorption-band is observed. This test may be modi-
fied by acidifying 10 c.c. of urine with HCl and shaking it
gently with 5 c.c. of amyl alcohol. The alcoholic extract when
examined spectroscopically will show the characteristic urobilin
absorption-band. (Note the spectroscopic examination in the
next experiment. )

2. Ammoniacal-Zinc Chloride Test.—Render some of the
urine ammoniacal by the addition of ammonium hydroxide,
and after allowing it to stand a short time filter off the preci-
tate of phosphates and add a few drops of zinc chloride
solution to the filtrate. Observe the production of a greenish
fluorescence. IExamine the fluid by means of the spectroscope
and note the absorption-band which occupies much the same
position as the absorption-band of urobilin in acid solution
(see Absorption Spectra, Plate IT).

3. Gerhardt’s Test.—To 20 c.c. of urine add 3-5 c.c. of
chloroform and shake well. Separate the chloroform extract
and add to it a few drops of iodine solution (I in KI). Render
the mixture alkaline with a dilute solution of potassium hy-
droxide and note the production of a yellow or yellowish-brown
color. The solution ordinarily exhibits a greenish fluores-
cence.

4. Wirsing’s Test.—To 20 c.c. of urine add 3-5 c.c. of
chloroform and shake gently. Separate the chloroform ex-
tract and add to it a drop of an alcoholic solution of zine
chloride. Note the rose-red color and the greenish fluores-
cence. If the solution is turbid it may be rendered clear by
the addition of a few c.c. of absolute alcohol.

5. Ether-Absolute Alcohol Test.—Mix urine and pure
ether in equal volumes and shake gently in a separatory funnel.
Separate the ether extract, evaporate it to dryness and dissolve
the residue in 2—3 c.c. of absolute alcohol. Note the greenish
fluorescence. Examine the solution spectroscopically and
observe the characteristic absorption-band (see Absorption
Spectra, Plate II).
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most part from the caffein, theobromin and theophyllin of the
food. The total purin base content is made up of the products
of two distinct forms of metabolism, i. e., metabolism of in-
gested nucleins and purins and metabolism of tissue nuclein
material. Purin bases resulting from the first form of meta-
bolism are said to be of exogenous origin whereas those re-
sulting from the second form of metabolism are said to be of
endogenous origin. The daily output of purin bases by the
urine is extremely small and varies greatly with the individual
(16-60 milligrams). The output is increased after the inges-
tion of nuclein material as well as after the increased destruc-
tion of leucocytes. A well marked increase accompanies leu-
keemia. Edsall has very recently shown that the output of
purin bases by the urine is increased as a result of X-ray treat-
ment. ?
EXPERIMENT.

1. Formation of the Silver Salts.—Add an excess of mag-
nesia mixture' to 25 c.c. of urine. Filter off the precipitate
and add ammoniacal silver solution® to the filtrate. A precipi-
tate composed of the silver salts of the various purin bases is
produced. :

2. Inorganic Physiological Constituents.
Ammonia. |

Next to urea, ammonia is the most important of the nitro-
genous end-products of proteid metabolism. Ordinarily about
4.6-5.6 per cent of the total nitrogen of the urine is eliminated
as ammonia and on the average this would be about 0.7 gram
per day. Under normal conditions the ammonia is present in
the urine in the form of the chloride, phosphate or sulphate.
This is due to the fact that combinations of this sort are not

* Magnesia mixture may be prepared as follows: Dissolve 175 grams of
MgSO, and 350 grams of NH.CI in 1400 c.c. of distilled water. Add 700
grams of concentrated NH.L,OH, mix very thoroughly and preserve the
mixture in a glass-stoppered bottle.

* Ammoniacal silver solution may be prepared according to directions
given on page 377.
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phocyanides, sulphonic acids, oxyproteic acid, alloxyproteic acid
and uroferric acid. The amount of loosely combined sulphur
eliminated is in great measure independent of the extent of pro-
teid decomposition or of the total sulphur excretion. In this
characteristic it is somewhat similar to the excretion of cre-
atinin. The oxidized sulphur is eliminated in the form of sul-
phuric acid, principally as salts of sodium, potassium, calcium
and magnesium; a relatively small amount occurs in the form
of ethereal sulphuric acid, ¢. e., sulphuric acid in combination
with such aromatic bodies as phenol, indol, skatol, cresol, pyro-
catechin and hydroquinone. Sulphuric acid in combination
with Na, K, Ca or Mg is sometimes termed inorganic or pre-
formed sulphuric acid whereas the ethereal sulphuric acid is
sometimes called conjugate sulphuric acid. The greater part
of the sulphur is eliminated in the oxidized form but the abso-
lute percentage of sulphur excreted as the preformed, ethereal
or loosely combined type depends upon the total quantity of
sulphur present, 1. ¢., there is no definite ratio between the
three forms of sulphur which will apply under all conditions.
The preformed sulphuric acid may be precipitated directly from
acidified urine with BaCl,, whereas the ethereal sulphuric acid
must undergo a preliminary boiling in the presence of a mineral
acid before it can be so precipitated.

The sulphuric acid excreted by the urine arises principally
from the oxidation of proteid material within the body; a
relatively small amount is due to ingested sulphates. Under
normal conditions about 2.5 grams of sulphuric acid is elimi-
nated daily. Since the sulphuric acid content of the urine has,
for the most part, a proteid origin and since one of the most
important constituents of the proteid molecule is nitrogen, it
would be reasonable to suppose that a fairly definite ratio might
exist between the excretion of these two elements. However,
when we appreciate that the percentage content of N and S
present in different proteids is subject to rather wide variations,
the fixing of a ratio which will express the exact relation
existing between these two substances, as they appear in the
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test-tube, add 10 drops of calcium chloride solution and allow
the tube to stand until crystals form. Examine the caleium
sulphate crystals under the microscope and compare them with
those shown in Fig. 95, p. 274.

Chlorides.

Next to urea, the chlorides
constitute the chief solid con-
stituent of the urine. The prin-
cipal chlorides found in the
urine are those of sodium, po-.
tassium, ammonium and mag-
nesium, with sodium chloride

CALCTOA i‘a“‘;_ﬁf} (Hemarl predmnin_ating. The excretion

of chlorides is dependent, in
great part, upon the nature of the diet, but on the average the
daily output is about 10-15 grams, expressed as sodium chlo-
ride. Copious water-drinking increases the output of chlorides
considerably. Because of their solubility, chlorides are never
found in the urinary sediment.

Since the amount of chlorides excreted in the urine is due
primarily to the chloride content of the food ingested, it fol-
lows that a decrease in the amount of ingested chloride will
likewise cause a decrease in the chloride content of the urine
In cases of actual fasting the chloride content of the urine may
be decreased to a slight trace which is derived from the body
Auids and tissues. Under these conditions, however, an exam-
ination of the blood of the fasting subject will show the per-
centage of chlorides in this fluid to be approximately normal.
This forms a very striking example of the care nature takes
to maintain the normal composition of the blood. There is a
limit to the power of the body to maintain this equilibrium,
however, and if the fasting organism be subjected to the influ-
ence of diuretics for a time, a point is reached where the com-
position of the blood can no longer be maintained and a gradual
decrease in its chloride content occurs which finally results in
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cently, however, it has been quite clearly shown that the nor-
mal acidity of the urine is not due to the presence of this
salt but is due, at least in part, to the presence of various
acidic radicals. In this connection IFolin believes that the
phosphates in clear acid urine are all of the mono-hydrogen
tvpe, and that the acidity of the urines of this character is
generally greater than the combined acidity of all the phos-
phates present; the excess in the acidity above that due to
phosphates he believes to be due to free organic acids. In
bones the phosphates occur principally in the form of the
normal salts of calcium and magnesium. The mono-hydro-
gen salts as a class are alkaline in reaction to litmus, and it is
to the presence of di-sodiwm hydrogen phosphate, Na,HPO,,
that the greater part of the alkalinity of the saliva is due.

The excretion of phosphoric acid is extremely variable but
on the average the total output for 24 hours is about 2.5
grams, expressed as P,0O;. Ordinarily the total output is
distributed between alkaline phosphates and earthy phos-
phates approximately in the ratio 2:1. The greater part
of this phosphoric acid arises from the ingested food, either
from the preformed phosphates or more especially from
the phosphorus in organic combination such as we find it
i phospho-proteids, nucleo-proteids, nucleins and lecithins;
the phosphorus-containing tissues of the body also contrib-
ute to the total output of this element. Alkaline phos-
phates ingested with the food have a tendency to increase
the phosphoric acid content of the urine to a greater extent
than the earthy phosphates so ingested. This is due, in a
measure, to the fact that a portion of the earthy phosphates,
under certain conditions, may be precipitated in the intes-
tine and excreted in the feces; this is especially to be noted in
the case of herbivorous animals. Since the extent to which
the phosphates are absorbed in the intestine depends upon
the form in which they are present in the food, under ordi-
nary conditions, there can be no absolute relationship be-
tween the urinary output of nitrogen and phosphorus. If
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Fic. ob.

“ TrirLE PHospHATE." (Ogden.)

the microscope and compare the crystals with those shown in
[ig. g6, above.

3. Detection of Earthy Phosphates.—Place 10 c.c. of
urine in a test-tube and render it alkaline with ammonium
hydroxide. Warm the mixture and note the separation of
a precipitate ot earthy phosphates.

4. Detection of Alkaline Phosphates.—Filter off the
earthy phosphates as formed in the last experiment, and add
a small amount of magnesia mixture (see page 270) to the
filtrate. Now warm the mixture and observe the formation of
a white precipitate due to the presence of alkaline phosphates.
Note the difference in the size of the precipitates of the two
forms of phosphates from this same volume of urine. Which
form of phosphates were present in the larger amount, eartiy
or alkaline?

5. Influence upon Fehling’s Solution.—Place 2 c.c. of
Fehling’s solution in a test-tube, dilute it with 4 volumes of
water and heat to boiling. Add a solution of sodium di-
hydrogen phosphate, NaH,PO,, a small amount at a time,
and heat after each addition. What do you observe? What
does this observation force you to conclude regarding the
interference of phosphates in the testing of diabetic urine by
means of Fehling’s test?
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Carbonates.

Carbonates generally occur in small amount in the urine
of man and carnivora under normal conditions, whereas
much larger quantities are ordinarily present in the urine of
herbivora. The alkaline reaction of the urine of herbivora
i1s dependable in great measure upon the presence of carbo-
nates. In general a urine containing carbonates in appre-
ciable amount is turbid when passed or becomes so shortly
after. These bodies ordinarily occur as alkali or alkaline
earth compounds and the turbid character of urine contain-
ing them is usually due principally to the latter class of sub-
stances. The carbonates of the alkaline earths are often
found in amorphous urinary sediments.

Iron.

Iron is present in small amount in normal urine. It prob-
ably occurs partly in inorganic and partly in organic combi-
nation. The iron contained in urinary pigments or chromo-
gens is in organic combination. According to different in-
vestigators the iron content of normal urine varies from o.012
gram to 0.15 gram per day.

EXPERIMENT.

Detection of Iron in Urine.—Evaporate a convenient vol-
ume (10-15 c.c.) of urine to dryness.  Incinerate and dissolve
the residue in a few drops of iron-free hydrochloric acid and
dilute the acid solution with 35 c.c. of water. Divide the acid
solution into two parts and make the following tests: (a) To
the first part add a solution of ammonium sulphocyanide; a red
color indicates the presence of iron. (&) To the second part
of the solution add a little potassium ferrocyanide solution; a
precipitate of Prussian blue forms upon standing.

Fluorides, Nitrates, Silicates and Hydrogen Peroxide.

These substances are all found in traces in human urine
under normal conditions. Nitrates are undoubtedly intro-
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C¢H,,0; + 2(H,N-NH-C,H,) —

Dextrose, Phenylhydrazin.

C,H,,0,(N- NH- C.H,), i\ 2H,0 L H.

Phenyldextrozsazon.

(b) Place 5 c.c. of the urine in a test-tube, add 1 c.c. of
phenylhydrazin-acetate solution furnished by the instruc-
tor,) and heat on a boiling water-bath for one-half to three-
quarters of an hour. Allow the liquid to cool slowly and
examine the crystals microscopically (Plate 11, opposite p. 5).

The phenylhydrazin test has been so modified by Cipollina
as to be of use as a rapid clinical test. The directions for
this test are given in the next experiment.

2. Cipollina’s Test.—Thoroughly mix 4 c.c. of urine, 3
drops of phenylhydrazin (the base) and one-half c.c. of glacial
acetic acid in a test-tube. Heat the mixture for about one
minute over a low flame, shaking the tube continually to pre-
vent loss of fluid by bumping. Add 4-5 drops of potassium
hydroxide or sodium hydroxide (sp. gr. 1.16), being certain
that the fluid in the test-tube remains acid; heat the mixture
again for a moment and then cool the contents of the tube.
Ordinarily the crystals form at once, especially if the urine
possesses a low specific gravity. If they do not appear imme-
diately allow the tube to stand at least 20 minutes before
deciding upon the absence of sugar.

Examine the crystals under the microscope and compare
them with those shown in Plate 111., opposite page 5.

3. Reduction Tests.—To their aldehyde or ketone struc-
ture many sugars owe the property of readily reducing the
alkaline solutions of the oxides of metals like copper, bismuth
and mercury; they also possess the property of reducing
ammoniacal silver solutions with the separation of metallic
silver. Upon this property of reduction the most widely used
tests for sugars are based. When whitish-blue cupric hydrox-

' This solution is prepared by mixing one part by golume, in each case,
of glacial acetic acid, one part of water and two parts of phenylhydrazin
{the base).






286 PHYSIOLOGICAL CHEMISTRY.

cupric hydroxide and in consequence the solution is slightly
turbid. Heat, and the cupric hydroxide is reduced to yellow
cuprous hydroxide or to brownish-red cuprous. oxide. If the
solution of cupric sulphate used is too strong, a small brown-
ish-red precipitate produced in the presence of a low percent-
age of dextrose may be entirely masked. On the other hand, if
too little cupric sulphate is used a light-colored precipitate
formed by uric acid and purin bases may obscure the brownish-
red precipitate of cuprous oxide. The action of KOH or
NaOH in the presence of an excess of sugar and insufficient
copper will produce a brownish color. Phosphates of the
alkaline earths may also be precipitated in the alkaline solution
and be mistaken for cuprous hydroxide. Trommer's test is
not very satisfactory.

(0) Fehling’s Test.—To about 1 c.c. of Fehling's solu-
tion' in a test-tube add about 4 c.c. of water, and boil. This
1s done to determine whether the solution will of itself cause
the formation of a precipitate of brownish-red cuprous oxide.
If such a precipitate forms, the Fehling’s solution must not
be used. Add urine to the warm Fehling's solution, a few
drops at a time, and heat the mixture after each addition.
The production of yellow cuprous hydroxide or brownish-
red cuprous oxide indicates that reduction has taken place.
The yellow precipitate is more likely to occur if the urine is
added rapidly and in large amount, whereas with a less rapid
addition of smaller amounts of urine the brownish-red pre-
cipitate 1s generally formed.

This is a much more satisfactory test than Trommer’s, but

*Fehling’s solution is composed of two definite solutions—a cﬁpric
sulphate solution and an alkaline tartrate solution, which may be prepared
as follows:

Cupric sulphate solution = 34.64 grams of cupric sulphate dissolved in
water and made up to 00 c.c.

Alkaline tartrate solution = 125 grams of potassivm hydroxide and 173
grams of Rochelle salt dissolved in water and made up to 500 c.c.

These solutions shonld be preserved separately in rubber-stoppered bot-

tles and mixed in equal volumes when needed for use. This is done to
prevent deterioration.
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ish, opaque, and suddenly deposits cuprous oxide as a fine
brownish-red precipitate.”

(d) Boettger’s Test.—To 5 c.c. of urine in a test-tube
add 1 c.c. of KOH or NaOH and a very small amount of bis-
muth subnitrate, and boil. The solution will gradually darken
and finally assume a black color due to reduced bismuth. If the
test is made with urine containing albumin this must be re-
moved, by boiling and filtering, before applying the test, since
with albumin a similar change of color is produced (bismuth
sulphide).

(¢) Nylander’s Test (Almén’s Test).—To 5 c.c. of urine
in a test-tube add one-tenth its volume of Nylander’s reagent!
and boil two or three minutes. The mixture will darken if
reducing sugar is present and upon standing for a few mo-
ments a black color will appear. This color 1s due to the
precipitation of bismuth. If the test i1s made on urine con-
taining albumin this must be removed, by boiling and filtering,
before applying the test. It is claimed by Bechold that Ny-
lander’'s and Boettger's tests give a negative reaction with
solutions containing sugar when mercuric chloride or chloro-
form 1s present, a claim which has very recently been contra-
dicted by Zeidlitz.

A positive Nylander or Boettger test is probably due to
the following reactions:

(a) Bi(OH),NO, 4+ KOH—Bi(0H),; + KNO,.
(b) 9Bi(0H),— 30 — Bi, 4 3H,0.

4. Fermentation Test.—Rub up in a mortar about 15 c.c.
of the urine with a small piece of compressed yeast. Trans-
fer the mixture to a saccharometer (Iig. 2, p. 10) and stand
it aside in a warm place for about 12 hours. If dextrose is
present, alcoholic fermentation will occur and carbon dioxide
will collect as a gas in the upper portion of the tube. On the

' Nylander's reagent is prepared by digesting 2 grams of bismuth sub-

nitrate and 4 grams of Rochelle salt in 100 ¢.c. of 2 10 per cent potassium
hydroxide solution. The reagent is then cooled and filtered.
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“ false” albuminuria are substituted for those just given. In
the renal type the albumin is excreted by the kidneys. This
is the more serious form of the malady and at the same time
is more frequently encountered than the accidental type.
Among the causes of renal albuminuria are altered blood pres-
sure in the kidneys, altered kidney structure, or changes in
the composition of the blood entering the kidneys, thus allow-
ing the albumin to diffuse more readily. In the accidental
form of albuminuria the albumin is not excreted by the kid-
neys as is the case in the renal form of the disorder, but arises
from the blood, lymph or some albumin-containing exudate
coming into contact with the urine at some point below the
kidneys.
EXPERIMENTS.

1. Heller’s Ring Test.—Place 5 c.c. of concentrated HNO,
in a test-tube, incline the tube, and, by means of a pipette
allow the urine to flow slowly down the side.! The liquids
should stratify with the formation of a whife zone of precip-
itated albumin at the point of juncture. If the albumin is
present in very small amount the white zone may not form
until the tube has been allowed to stand for several minutes.
If the urine is quite concentrated a white zone, due to uric
acid or urates, will form upon treatment with nitric acid as
indicated. This ring may be easily differentiated from the
albumin ring by repeating the test after diluting the urine
with 3 or 4 volumes of water, whereupon, the ring, if due
to uric acid or urates, will not appear. It is ordinarily pos-
sible to differentiate between the albumin ring and the uric
acid ring without diluting the urine, since the ring, when
due to uric acid, has ordinarily a less sharply defined upper
border, is generally broader than the albumin ring and fre-
quently is situated in the urine above the point of contact
with the nitric acid. Concentrated urines also occasionally ex-
hibit the formation, at the point of contact, of a crystalline

' An apparatus called the albumoscope has been devised for use in this
test and has met with considerable favor.
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Some investigators claim that the delicacy of this test de-
pends upon the presence of sodium chloride in the urine, the
test losing accuracy if the sodium chloride content be low.

4. Jolles’ Reaction.—Shake 5 c.c. of urine with 1 c.c. of
30 per cent acetic acid and 4 c.c. of Jolles’ reagent' in a test-
tube. A white precipitate indicates the presence of albumin,

Care should be taken to use the correct amount of acetic acid,
since the use of too small an amount may result in the forma-
tion of mercury combinations which may cause confusion.
In the presence of 1odine, mercuric iodide will form but may
readily be differentiated from albumin through the fact that
it is soluble in alcohol.

5. Coagulation or Boiling Test.—(a) Heat 5 c.c. of urine
to boiling in a test-tube. A precipitate forming at this point
15 due either to albumin or to phosphates. Acidify the urine
slightly by the addition of 3-5 drops of very dilute acetic acid,
adding the acid drop by drop to the hot solution. If the pre-
cipitate is due to phosphates it will disappear under these con-
ditions, whereas if it is due to albumin it will not only fail to
disappear but will become more flocculent in character, since
the reaction of a fluid must be acid to secure the complete pre-
cipitation of the albumin by this coagulation process. Too
much acid should be avoided since it will cause the albumin to
go into solution. Certain resin acids may be precipitated by
the acid, but the precipitate due to this cause may be easily
differentiated from the albumin precipitate by reason of its
solubility in alcohol.

(b) A modification of this test in quite general use is as
follows: Fill a test-tube two-thirds full of urine and gently
heat the upper half of the fluid to boiling, being careful that
this fluid does not mix with the lower half. A turbidity indi-
cates albumin or phosphates. Acidify the urine slightly by

* Jolles’ reagent has the following composition:

] U T oo W S o s SOy el R N e 40 grams.
Mercuric chloride. .. .....c.c.cociviirisursirenns 20 PTAIE
Soditm ehilorides . S oo st o L S 20 grams.

Distilled water. .. cvooienivwoinsvossesunensnsnss IO ETAMIS
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and globulin in any urine the following processes may be
employed :

1. Saturation With Magnesium Sulphate.—FPlace 25 c.c.
of neutral urine in a small beaker and add pulverized mag-
nesium sulphate in substance to the point of saturation. If the
proteid present is globulin it will precipitate at this point. If
no precipitate is produced acidify the saturated solution with
acetic acid and warm gently. Albumin will be precipitated
11 present.

The above procedure may be used to separate globulin and
albumin if present in the same urine. To do this filter off the
globulin after it has been precipitated by the magnesium sul-
phate, then acidify the clear solution and warm gently as
directed. Note the formation of the albumin precipitate.

2. Half-Saturation With Ammonium Sulphate.—Place
25 c.c. of neutral urine in a small beaker and add an equal
volume of a saturated solution of ammonium sulphate. Globu-
lin, if present, will be precipitated. If no precipitate forms add
ammonium sulphate i substance to the point of saturation.
If albumin is present it will be precipitated upon saturation of
the solution as just indicated. This method may also be used
to separate globulin and albumin when they occur in the same
urine.

Frequently in urine which contains a large amount of urates
a precipitate of ammonium urate may occur when the am-
monium sulphate solution is added to the urine. This urate
precipitate should not be confounded with the precipitate due
to globulin. The two precipitates may be differentiated by
means of the fact that the urate precipitate ordinarily appears
only after the lapse of several minutes whereas the globulin
generally precipitates at once.

PROTEOSE AND PEFTONE.

Proteoses, particularly deutero-proteose and hetero-proteose,
have frequently been found in the urine under various patho-
logical conditions such as diphtheria, pneumonia, intestinal
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Urobilin does not ordinarily interfere with this test since
it 1s almost entirely dissolved by the absolute alcohol when the
proteose is precipitated.

3. v. Aldor’s Method.—Acidify 10 c.c. of urine with
hydrochloric acid, add phosphotungstic acid until no more pre-
cipitate forms and centifugate' the solution. Decant the super-
natant fluid, add some absolute alcohol to the precipitate and
centrifugate again. This washing with alcohol is intended to
remove the urobilin and hence should be continued so long as
the alcohol exhibits any coloration whatever. Now suspend
the precipitate in water and add potassium hydroxide to bring
it into solution. At this point the solution may be blue in
color in which case decolorization may be secured by gently
heating. Apply the biuret test to the cool solution. A posi-
tive biuret test indicates the presence of proteoses.

4. Detection of * Bence-Jones’ Proteid.”—Heat the sus-
pected urine very gently, carefully noting the temperature.
At as low a temperature as 40° C. a turbidity may be observed
and as the temperature 1s raised to about 60° C. a flocculent
precipitate forms and clings to the sides of the test-tube. If
the urine 1s now acidified very slightly with acetic acid and the
temperature further raised to 100° C. the precipitate at least
partly disappears; it will return upon cooling the tube.

This property of precipitating at so low a temperature and
of dissolving at a higher temperature is typical of “ Bence-
Jones’ proteid” and may be used to differentiate it from all
other forms of proteid material occurring in the urine.

NUCLEO-PROTEID.

There has been considerable controversy as to the proper
classification for the proteid body which forms the ““ nubecula ”
of normal urine. By different investigators it has been called
maectn, mucoid, phospho-proteid, nucleo-albwmin and nucleo-
proteid. Of course, according to the modern acceptation of

*If not convenient to use a centrifuge the precipitate may be filtered off
and washed on the filter paper with alcohol.
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kidney. Heemoglobinuria is brought about through hzmo-
lysis, 1. ¢., the rupturing of the stroma of the erythrocyte and
the liberation of the haemoglobin. This may occur in scurvy,
typhus, pyemia, purpura and in other diseases. It may also
occur as the result of a burn covering a considerable area of
the body, or may be brought about through the action of cer-
tain poisons or by the injection of various substances having
the power of dissolving the erythrocytes. Transfusion of
blood may also cause hzemoglobinuria.

EXPERIMENTS.

1. Heller’s Test.—Render 10 c.c. of urine strongly alkaline
with potassium hydroxide solution and heat to boiling. Upon
allowing the heated urine to stand a precipitate of phosphates,
colored red by the contained hzaematin, is formed. It is ordi-
narily well to make a “control” experiment using normal
urine, before coming to a final decision.

Certain substances such as cascara sagrada, rhubarb, san-
tonin, and senna cause the urine to give a similar reaction.
Reactions due to such substances may be differentiated from
the true blood reaction by the fact that both the precipitate and
the pigment of the former reaction disappear when treated with
acetic acid, whereas if the color is due to haematin the acid will
only dissolve the precipitate of phosphates and leave the pig-
ment undissolved.

2. Teichmann’s Heemin Test.—Place a small drop of the
suspected urine or a small amount of the moist sediment on a
microscopic slide, add a minute grain of NaCl and carefully
evaporate to dryness over a low flame. Put a cover glass in
place, run underneath it a drop of glacial acetic acid and warm
gently until the formation of gas bubbles is observed. Cool
the preparation, examine under the microscope and compare
the form of the crystals with those reproduced i Figs. 58
and 59, page 1064.

3. Heller-Teichmann Reaction.—Produce the pigmented
precipitate according to directions given in Heller’s test on p.
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BILE.

Both the pigments and the acids of the bile may be detected
in the urine under certain pathological conditions. Of the pig-
ments, bilirubin is the only one which has been positively iden-
tified in fresh urine; the other pigments, when present, are
probably derived from the bilirubin. A urine containing bile
may be yellowish-green to brown in color and when shaken
foams readily. The staining of the various tissues of the
body through the absorption of bile due to occlusion of the
bile duct causes a condition known as icterus or jaundice.
Bile 1s always present in the urine under such conditions unless
the amount of bile reaching the tissues 1s extremely small.

EXPERIMENTS.
Tests for Bile Pigments.

1. Gmelin’s Test.—To about 5 c.c. of concentrated nitric
acid in a test-tube add an equal volume of urine carefully so
that the two fluids do not mix. At the point of contact note the
various colored rings, green, blue, violet, red and reddish-
vellow,

2. Rosenbach’s Modification of Gmelin's Test.—Filter
5 c.c. of urine through a small filter paper. Introduce a drop
of concentrated nitric acid into the cone of the paper and
observe the succession of colors as given in Gmelin’s test.

3. Huppert’s Reaction.—Thoroughly shake equal volumes
of urine and milk of lime in a test-tube. The pigments unite
with the calcium and are precipitated. Filter off the precipi-
tate, wash it with water and transfer to a small beaker. Add
alcohol acidified slightly with hydrochloric acid and warm upon
a water-bath until the solution becomes colored an emerald
green,

4. Hammarsten’s Reaction.—To about 5 c.c. of Ham-
marsten’s reagent! in a small evaporating dish add a few drops

* Hammarsten's reagent is made by mixing 1 volume of 25 per cent

nitric acid and 19 volumes of 25 per cent hydrochloric acid and then
adding 1 volume of this acid mixture to 4 volumes of 05 per cent alcohol.
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4. v. Udransky's Test.—To 35 c.c. of urine in a test-tube
add 3—4 drops of a very dilute (1: 1,000) aqueous solution of
furfurol. Place the thumb over the top of the tube and shake
until a thick foam is formed. By means of a small pipette
add 2—3 drops of concentrated sulphuric acid to the foam and
observe the dark pink coloration produced.

5. Salkowski’s Test.—Render 5 c.c. of urine alkaline with
a few drops of a 10 per cent sodium carbonate solution and add
a 10 per cent solution of calcium chloride, drop by drop, until
the supernatant fluid exhibits the normal urinary color when
the contents of the test-tube are thoroughly mixed. Filter off
the precipitate, and after washing it, place it in a second tube
with g5 per cent alcohol. Acidify the alcohol with hydro-
chloric acid and, if necessary, shake the tube to bring the pre-
cipitate into solution. Heat the solution to boiling and observe
the appearance of a green color which changes through blue
and violet to red; if no bile is present the solution does not
undergo any color change. This test will frequently exhibit
oreater delicacy that Gmelin’s test.

6. Hay’s Test.—Cool about 10 c.c. of urine in a test-tube
to 17° C. or lower, and sprinkle a little finely pulverized sul-
phur upon the surface of the fluid. The presence of bile acids
is indicated if the sulphur sinks to the bottom of the liquid, the
rapidity with which the sulphur sinks depending upon the
amount of bile acids present in the urine. The test is said to
react with bile acids when the latter are present in the propor-
tion I : 120,000,

Some investigators claim that it is impossible to differentiate
between bile acids and bile pigments by this test.

i

ACETONE, (C==1().

!
CH,

It was formerly very generally believed that acetone appeared
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Pathologically, the elimination of acetone is often greatly
increased and at such times a condition of acefonuria is said to
exist. This pathological acetonuria may accompany diabetes
mellitus, scarlet fever, typhoid fever, pneumonia, nephritis,
phosphorus poisoning, grave anzmias, fasting and a deranged
digestive function; it also frequently accompanies auto-intoxi-
cation and chloroform aneesthesia. The types of acetonuria
most frequently met with are those noted in febrile conditions
and in advanced cases of diabetes mellitus.

EXPERIMENTS.

1. Isolation from the Urine.—In order to facilitate the de-
tection of acetone in the urine, the specimen under examination
should be distilled and the tests as given below applied to the
resulting distillate. If it is not convenient to distil the urine,
the tests may be conducted upon the undistilled fluid. To
obtain an acetone distillate proceed as follows: Place 100250
c.c. of urine in a distillation flask or retort and render it acid
with acetic acid. Collect about one-third of the original
volume of fluid as a distillate, add 5 drops of 10 per cent hydro-
chloric acid and redistil about one-half of this volume, With
this final distillate conduct the tests as given below.

2. Gunning’s Iodoform Test.—To about 5 c.c. of the urine
or distillate in a test-tube add a few drops of Lugol’s solution?
or ordinary iodine solution (I in KI) and enough NH,;OH to
form a black precipitate (nitrogen iodide). Allow the tube to
stand (the length of time depending upon the content of acetone
in the fluid under examination) and note the formation of a
yellowish sediment consisting of iodoform. Examine the sedi-
ment under the microscope and compare the form of the crys-
tals with those shown in Fig. 6, p. 21. If the crystals are not
well formed recrystallize them from ether and examine again.
The crystals of iodoform should not be confounded with those
of stellar phosphate (Fig. 76, p. 193) which may be formed in

' Lugol's solution may be prepared by dissolving 5 grams of iodine and
10 grams of potassium iodide in 100 c.c. of distilled water.
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5. Reynolds-Gunning Test.—This test depends upon the
solubility of mercuric oxide in acetone and is performed as fol-
lows: To 5 c.c. of the urine or distillate add a few drops of
mercuric chloride, render the solution alkaline with potassium
hyvdroxide and add an equal volume of 95 per cent alcohol.
Shake thoroughly in order to bring the major portion of the
mercuric oxide into solution and filter. Render the clear
filtrate faintly acid with hydrochloric acid and stratify some
ammonium sulphide, (NH,).S, upon this acid solution. At
the zone of contact a blackish-gray ring of precipitated mercu-
ric sulphide, HgS, will form. Aldehyde also responds to this
test. Aldehyde, however, has never been detected in the urine
and could only be present in this instance if the acidified urine
was distilled too far.

i

DIACETIC ACID, (({ —0)
I
CH., - COOH.

Diacetic or acetoacetic acid occurs in the urine only under
pathological conditions and is rarely found except associated
with acetone. It is formed from B-oxybutyric acid, another of
the acetone bodies, and upon decomposition yields acetone and
carbon dioxide. Diaceturia occurs ordinarily under the same
conditions as the pathological acetonuria, 1. e., in fevers, dia-
betes, etc. (see p. 304). If very little diacetic acid is formed
it may all be transformed into acetone, whereas if a larger
quantity is produced both acetone and diacetic acid may be
present in the urine. Diaceturia is most frequently observed
in children, especially accompanying fevers and digestive dis-
orders; it is perhaps less frequently observed in adults, but
when present, particularly in fevers and diabetes, it is fre-
quently followed by fatal coma.

Diacetic acid is a colorless liquid which 1s miscible with
water, alcohol, and ether, in all proportions. It differs from
acetone in giving a violet-red or Bordeaux-red color with a
dilute solution of ferric chloride.
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2. Arnold-Lipliawsky Reaction.—This reaction is some-
what more delicate than Gerhardt’s test (1) and serves to de-
tect diacetic acid when present in the proportion 1:25,000. It
is also negative toward acetone, S-oxvbutyric acid and the inter-
fering drugs mentioned as causing erroneous deductions in the
application of Gerhardt’s test. If the urine under examination
is highly pigmented it should be partly decolorized by means
of animal charcoal before applying the test as indicated below.

Place 5 c.c. of the urine under examination and an equal
volume of the Arnold-Lipliawsky reagent' in a test-tube, add a
few drops of concentrated ammonia and shake the tube vigor-
ously. Note the production of a brick-red color. Take 1-2
c.c. of this colored solution, add 10-20 c.c. of hydrochloric
acid (sp. gr. 1.19), 3 c.c. of chloroform and 2—4 drops of
ferric chloride solution and carefully mix the fluids zvithout
shaking. Diacetic acid is indicated by the chloroform assum-
ing a violet or blue color; if diacetic acid 1s absent the color
may be yvellow or light red.

II-I (])I-I I]--I
8-0XYBUTYRIC ACID, H—(—( — (—COOH.

|2 il

H 7 B il

This acid does not occur as a normal constituent of urine
but is found only under pathological conditions and then
alwavs in conjunction with either acetone or diacetic acid.
Either of these bod#es may be formed from B-oxybutyric acid
under proper conditions. It is present in especially large

'This reagent consists of two definite solutions which are ordinarily
preserved separately and mixed just before using. The two solutions are
prepared as follows:

(a) One per cent aqueons solution of potassium nitrite.

{(b) One gram of p-amino-acetophenon dissolved in 100 cc. of distilled
water and enough hydrochloric acid (about 2 c.c.) added, drop by drop,
to cause the solution, which is at first vellow, to become entirely colorless.
An excess of acid must be avoided.

Before using, a and b are mixed in the ratio 1: 2.
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conditions the impurities will be removed and the a-crotonic
acid will remain behind as a residue. The melting-point of
this residue may then be determined.

CONJUGATE GLYCURONATES.

Glycuronic acid does not occur free in the urine but is
found, for the most part, in combination with phenol. Much
smaller quantities are excreted in combination with indoxyl
and skatoxyl. The total content of conjugate glycuronates
seldom exceeds 0.004 per cent under normal conditions. The
output may be very greatly increased as the result of the
administration of antipyrin, borneol, camphor, chloral, men-
thol, morphine, naphthol, turpentine, etc. The glycuronates
as a group are lavorotatory, whereas glycuronic acid is
dextro-rotatory. Most of the glycuronates reduce alkaline
metallic oxides and so introduce an error in the examination
of urine for sugar. Conjugate glycuronates often occur
associated with dextrose in glycosuria, diabetes mellitus and
in some other disorders. As a class the glycuronates are non-
fermentable.

EXPERIMENTS.

1. Fermentation-Reduction Test.— Test the urine by
Fehling's test. If there is reduction try Barfoed’s test. If
negative this indicates the absence of dextrose. A negative
fermentation test would now indicate the presence of conju-
gate glycuronates (or lactose in rare cases).

If dextrose is present in the urine tested for glycuronates
the urine must first be subjected to a polariscopic examina-
tion, then fermented and a second polariscopic examination
made. The sugar being dextro-rotatory and fermentable
and the glycuronates being levorotatory and non-fermentable
the second polariscopic test will show a levorotation indica-
tive of conjugate glycuronates.

2, Tollens’ Reaction.—Make this test according to direct-
tions given under Pentoses, page 3II.
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FAT.

When fat finds its way into the urine through a lesion
which brings some portion of the urinary passages into com-
munication with the lymphatic system a condition known as
chyluria is established. The turbid or milky appearance of
such urine is due to its content of chyle. This disease is
encountered most frequently in tropical countries, but is not
entirely unknown in more temperate climates. Albumin is a
constant constituent of the urine in chyluria. Upon shaking
a chylous urine with ether the fat is dissolved by the ether
and the urine becomes clearer or entirely clear,

HZAEMATOPORPHYRIN.

Urine containing this body is occasionally met with in
various diseases but more frequently after the use of quinine,
tetronal, trional and especially sulphonal. Such urines ordi-
narily possess a reddish tint, the depth of color varying greatly
under different conditions.

EXPERIMENTS.

1. Spectroscopic Examination.—To 100 c.c. of urine
add about 20 c.c. of a 10 per cent solution of KOH or
NH,OH. The precipitate which forms consists principally
of earthy phosphates to which the hamatoporphyrin adheres
and is carried down. Filter off the precipitate, wash it and
transfer to a flask and warm with alcohol acidified with hy-
drochloric acid. By this process the haematoporphyrin is dis-
solved and on filtering will be found in the filtrate and may
be identified by means of the spectroscope (see page 173, and
Absorption Spectra, Plate II).

2. Acetic Acid Test.—To 100 c.c. of urine add 5 c.c. of
glacial acetic acid and allow the mixture to stand 48 hours.
Hzematoporphyrin deposits in the form of a precipitate.
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are frequently found in the urine of diabetics. Lavulose is
invariably accompanied by dextrose in diabetic urine, but
levulosuria has been observed as a separate anomaly. The
presence of laevulose may be inferred when the percentage
of sugar, as determined by the titration method, is greater
than the percentage indicated by the polariscopic examination.

EXPERIMENTS,

1. Seliwanoff’s Reaction.—If a solution of resorcin in
dilute HC] (1 volume of concentrated HCIl to 2 volumes of
H,O) be warmed with an equal volume of a urine containing
leevulose, the liquid will become red and a precipitate will
separate. The precipitate may be dissolved in alcohol to which
it will impart a striking red color.

2. Phenylhydrazin Test.—Make the test according to
directions under Dextrose, 1 page 283.

3. Polariscopic Examination.—A simple polariscopic ex-
amination, when taken in connection with other ordinary tests,
will furnish the requisite data regarding the presence of
lzevulose, provided lavulose i1s not accompanied by other levo-
rotatory substances, such as conjugate glycuronates and
B-oxybutyric acid.

INOSIT.

Inosit occasionally occurs in the urine in albuminuria,
diabetes mellitus and diabetes insipidus. It is claimed also
that copious water-drinking causes this body to appear in the
urine. By some investigators inosit is believed to occur in
traces in normal urine.

EXPERIMENT.

1. Detection of Inosit.—Acidify the urine with concen-
trated nitric acid and evaporate nearly to dryness. Add a
few drops of NH,OH and a little CaCl, solution to the moist
residue and evaporate the mixture to dryness. In the pres-
ence of inosit (0.001 gram) a bright red color is obtained.
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2. von Jaksch-Pollak Reaction.—Add a few- drops of
terric chloride solution to 10 c¢.c. of urine in a test-tube and note
the formation of a gray color. Upon the further addition of
the chloride a dark precipitate forms, consisting of phos-
phates and adhering melanin. An excess of ferric chloride
causes the precipitate to dissolve,

This 1s the most satisfactory test for the identification of
melanin in the urine.

UROROSEIN.

T'his 1s a pigment which is not present in normal urine but
may be detected in the urine of various diseases, such as pul-
monary tuberculosis, typhoid fever, nephritis and stomach dis-
orders. Urorosein, in common with various other pigments,
does not occur preformed in the urine, but is present in the
form of a chromogen, which is transformed into the pigment
upon treatment with a mineral acid.

EXPERIMENTS.

1. Robin’s Reaction.—Acidify 10 c.c. of urine with
about 15 drops of concentrated hydrochloric acid. Upon
allowing the acidified urine to stand, a rose-red color will
appear if urorosein is present.

2. Nencki and Sieber’s Reaction.—To 100 c.c. of urine in
a beaker add 10 c.c. of 25 per cent sulphuric acid. Allow the
acidified urine to stand and note the appearance of a rose-red
color. The pigment may be separated by extraction with
amyl alcohol.

UNKNOWN SUBSTANCES.

Ehrlich’s Diazo Reaction.—Place equal volumes of urine
and Ehrlich’s diazobenzenesulphonic acid reagent! in a test-

"Two separate solutions should be prepared and mixed in definite pro-
portions when needed for use.

{a) Five grams of sodium nitrite dissolved in 1 liter of ditilled water.

(b) Five grams of sulphanilic acid and 50 c.c. of hydrochloric acid in 1
liter of distilled water.






CHAPTER X1%K.

URINE: ORGANIZED AND UNORGANIZED
SEDIMENTS.

The data obtained from carefully conducted microscopical
examinations of the sediment of certain pathological urines
are of very great importance, diagnostically. Too little em-
phasis 1s sometimes placed upon the value of such findings.

Fic. o8

THe Purpy Erectric CENTRIFUGE. SEpiMENT TuBe For THE Purpy
ELEcTRIC CENTRIFUGE.

The sedimentary constituents may be divided into two
classes, 1. e., organized and unorganized. The sediment is
ordinarily collected for examination by means of the centri-
fuge (Fig. 97, above). An older method, and one still in
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matic form of crystal (Fig. g6, p. 278) 1s the one most com-
monly observed in the sediment; the feathery form (Fig.
g6, p. 278) predominates when the urine i1s made ammoniacal
with ammonia.

The sediment of the urine in such disorders as are accom-
panied by a retention of urine in the lower urinary tract con-
tains ““ triple phosphate” crystals as a characteristic constit-
uent. The crystals are frequently abundant in the sediment
during paraplegia, chronic cystitis, enlarged prostate and
chronic pyelitis.

Calcium Oxalate.—Calcium oxalate is found in the urine
in the form of at least two distinct types of crystals, i. e., the
dumb-bell type and the octahedral type (Fig. 99, below).

Carcrium Oxacate. (Ogden.)

Either form may occur in the sediment of neutral, alkaline
or acid urine, but both forms are found most frequently in
urine having an acid reaction. Occasionally, in alkaline
urine, the octahedral form is confounded with * triple phos-
phate” crystals. They may be differentiated from the phos-
phate crystals by the fact that they are insoluble in acetic acid.

The presence of calcium oxalate in the urine is not of itself
a sign of any abnormality, since it is a constituent of normal
urine. It is increased above the normal, however, in such
pathological conditions as diabetes mellitus, in organic dis-
eases of the liver and in various other conditions which are
accompanied by a derangement of digestion or of the oxida-
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two crystalline forms by the fact that acetic acid will readily
dissolve the phosphate, whereas the urate is much less soluble
and when finally brought into solution and recrystallized one
is frequently enabled to identify uric acid crystals which
have been formed from the acid urate solution. The clinical
significance of the occurrence of calcium phosphate crystals
in the urinary sediment is similar to that of * triple phosphate ™
(see page 319).

Calcium Sulphate.—Crystals of calcium sulphate are of
quite rare occurrence in the sediment of urine. Their pres-
ence seems to be limited in general to urines which are of a
decided acid reaction. Ordinarily it crystallizes in the form
of long, thin, colorless needles or prisms (Fig. 95, page 274)
which may be mistaken for calcium phosphate crystals.
There need be no confusion in this respect, however, since
the sulphate crystals are insoluble in acetic acid which reagent
readily dissolves the phosphate. As far as is known their
occurrence as a constituent of urinary sediment is of very
little clinical significance.

Uric Acid.—Uric acid forms a very common constituent
of the sediment of urines which are acid in reaction. It
occurs in more varied forms than any of the other crystalline
sediments (Plate V, opposite page 247, and Fig. 101, page
323), some of the more common varieties of crystals being
rhombic prisms, wedges, dumb-bells, whetstones, prismatic
rosettes, irregular rectangular or hexagonal plates, ete. Crys-
tals of pure uric acid are always colorless (Fig. 89, page 249),
but the form occurring in urinary sediments is impure and
under the microscope appears pigmented, the depth of color
varying from light yellow to a dark reddish-brown according
to the size and form of the crystal.

The presence of a considerable uric acid sediment does not,
of necessity, indicate a pathological condition or a urine of
increased uric acid content, since this substance very often
occurs as a sediment in urines whose uric acid content is
diminished from the normal merely as a result of changes in
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reaction, etc. Pathologically, uric acid sediments occur in
gout, acute febrile conditions, chronic interstitial nephritis,
etc. If the microscopical examination is not conclusive, uric
acid may be differentiated from other crystalline urinary sedi-

Vartovs Forums oF Uric Acin.
1, Rhombic plates; =2, whetstone forms; 3, 3, quadrate forms; 4, 5, pro-
longed into points; 6, 8, rosettes; 7, pointed bundles; g, barrel forms pre-
cipitated by adding hydrochloric acid to urine.

ments from the fact that it is soluble in alkalis, alkali carbo-
nates, boiling glycerin, concentrated sulphuric acid and in cer-
tain organic bases such as ethylamine and piperidin. Tt also
responds to the murexid test (see page 249) and to Schiff's
reactiqn (see page 249).

Urates.—The urate sediment may consist of a mixture
of the urates of ammonium, calcium, magnesium, potassium
and sodium. The ammonium urate may occur in neutral,
alkaline or acid urine, whereas the other forms of urates are
confined to the sediments of acid urines. Sodium urate
occurs in sediments more abundantly than the other urates.
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The urates of calcium, magnesium and potassium are amor-
phous in character, whereas the urate of ammonium is crystal-
line. Sodium urate may be either amorphous or crystalline.
When crystalline it forms groups of fan-shaped clusters or
colorless, prismatic needles (Fig. 102, below)., Ammonium
urate is ordinarily present in the sediment in the burr-like
form of the “thorn-apple” crystal, . e., yellow or reddish-
brown spheres, covered with sharp spicules or prisms (Plate
VI, opposite page 324). The urates are all soluble in hydro-

F16. 102

Acin Sopiusm UUrate.

chloric acid or acetic acid and their acid solutions yield crystals
of uric acid upon standing. They also respond to the murexid
test. The clinical significance of urate sediments is very simi-
lar to that of uric acid. A considerable sediment of amor-
phous urates does not necessarily indicate a high uric acd
content, but ordinarily signifies a concentrated urine having
a very strong acidity.

Cystin.—Cystin is one of the rarer of the crystalline uri-
nary sediments. It has been claimed that it occurs more
often in the urine of men than of women. Cystin crystal-
lizes in the form of thin, colorless, hexagonal plates (Fig. 32,
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urine has very little clinical significance, since its presence in
the sediment depends in most instances very greatly upon the
nature of the diet. Tt is particularly prone to occur in the
sediment after the ingestion of certain fruits as well as after
the ingestion of benzoic acid (see page 250). :

Leucin and Tyrosin.—ILeucin and tyrosin have frequently
been detected in the urine, either in solution or as a sediment.
Neither of them occurs in the urine ordinarily except in asso-
ciation with the other, i. e., whenever leucin is detected it
is more than probable that tyrosin accompanies it. They
have been found pathologically in the urine in acute yellow
atrophy of the liver, in acute phosphorus poisoning, in cir-
rhosis of the liver, in severe cases of typhoid fever and small-
pox, and in leukeemia. In urinary sediments leucin ordi-
narily crystallizes in characteristic spherical masses which
show both radial and concen-
tric striations and are highly
refractive (Fig. 1o4, p. 326).
IFor the crystalline form of pure
leucin obtained as a decompo-
sition product of proteid see
Fig. 24, p. 69. Tyrosin crys-
tallizes in urinary sediments n
the well known sheaf or tuft
formation (Fig. 23, p. 68).

Crystars ofF Iumepure LEvcIn. For other tests on leucin aned

(Ogden.) :
tyrosin see pages 80 to 82.

Hzmatoidin and Bilirubin.—There are divergent opin-
ions regarding the occurrence of these bodies in urinary sedi-
ment, Each of them crystallizes in the form of tufts of
small needles or in the form of small plates which are ordi-
narily yellowish-red n color (Iig. 41, p. 119). DBecause of
the fact that the crystalline form of the two substances is
identical many investigators claim them to be one and the
same body. Other investigators claim, that while the crystal-
line form is the same in each case, that there are certain chem-

FiG. 104.
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urinary sediments. Ordinarily in melanuria the melanin re-
mains in solution; if it separates it is generally held in sus-
pension as fine amorphous granules.

(b) Organized Sediments.

Epithelial cells.

Pus cells.

r Hyaline.
Granular.
Epithelial.

Casts . Blood.
Fatty.
Waxy.

L Pus.

Cylindroids.

Erythrocytes.

Spermatozoa.

Urethral filaments.

Tissue debris,

Animal parasites.

Micro-organisms.

Fibrin.

Foreign substances due to contamination..

Epithelial Cells.—The detection of a certain number
of these cells in urinary sediment is not, of itself, a patho-
logical sign, since they occur in normal urine. However, in
certain pathological conditions they are greatly increased in
number, and since different areas of the urinary tract are
lined with different forms of epithelial cells, it becomes nec-
essary, when examining urinary sediments, to note not only
the relative number of such cells, but at the same time to
carefully observe the shape of the wvarious individuals in
order to determine, as far as possible, from what portion of
the tract they have been derived. Since the different layers
of the epithelial lining are composed of cells different in form
from those of the associated layers, it is evident that a careful
microscopical examination of these cells may tell us the par-
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pany pus corpuscles in urinary sediment and a careful exami-
nation of these associated elements is necessary in order to
form a correct diagnosis as to the origin of the pus. Proteid
is always present in urine which contains pus.

Pus Corruscres. (After Ultzmann.)
1, Normal; 2z, showing ameboid movements; 3, nuclei rendered distinet
by acetic acid; 4, as observed in chronic pyelitis; 5, swollen by ammonium
carbonate,

The appearance which pus corpuscles exhibit under the
microscope depends greatly upon the reaction of the urine
containing them. In acid urine they generally present the
appearance of round, colorless cells composed of refractive,
granular protoplasm, and may frequently exhibit amceboid
movements, especially if the slide containing them be warmed
slightly. They are nucleated (one or more nuclei), the nuclei
being clearly visible only upon treating the cells with water,
acetic acid or some other suitable reagent. In urine which has
a decided alkaline reaction, on the other hand, the pus corpus-
cles are often greatly degenerated. They may be seen as
swollen, transparent cells, which exhibit no granular structure
and as the process of degeneration continues the cell outline
ceases to be visible, the nuclei fade, and finally only a mass
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Casts.—These are cylindrical formations, which originate
in the uriniferous tubules and are forced out by the pressure
of the urine. They vary greatly in size but in nearly every
instance they possess parallel sides and rounded ends. The
finding of casts in the urine is very important because of the
fact that they generally indicate some kidney disorder ; if albu-
min accompanies the casts the indication is much accentuated.
Casts have been classified according to their microscopical char-
acteristics as follows: (a) Hyaline, (b) granular, (c) epi-
thelial, (d) blood, (e) fatty, (f) waxy, (g) pus.

(a) Hwyaline Casts.—These are composed of a basic material
which is transparent, homogeneous and very light in color
(Fig. 107, p. 331). In fact, chiefly because of these physical

Fic. 108.

GraxvLar Casts. (After Pever.)

properties, they are the most difficult form of renal cast to
detect under the microscope. Frequently such casts are im-
pregnated with deposits of various forms such as erythrocytes,
epithelial cells, fat globules, etc., thus rendering the form of
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the cast more plainly visible. Staining is often resorted to in
order to render the shape and character of the cast more easily
determined. Ordinary iodine solution (I in KI) may be used
in this connection ; many of the anilin dyes are also in common
use for this purpose, e. g., gentian-violet, Bismarck-brown,
methylene-blue, fuchsin and eosin. Generally, but not always,
albumin is present in urine containing hyaline casts. Hyaline
casts are common to all kidney disorders, but occur particu-
larly in the earliest and recovering stages of parenchymatous
nephritis and in interstitial nephritis,

(&) Granular Casts.—The common hyaline material is ordi-
narily the basic substance of this form of cast. The granular
material generally consists of albumin, epithelial cells, fat or

FiG. 100.

a b

GraxuLar CasTS.

@, Finely granular; b, coarsely
granular, EriTHELIAL (CASTS.

disintegrated erythrocytes or leucocytes, the character of the
cast varying according to the nature and size of the granules
(Fig. 108, page 332, and Fig. 1009, above). Thus we have
casts of this general type classified as finely granular and
coarsely granular casts. Granular casts, and in particular the
finely granular types, occur in the sediment in practically every
kidney disorder but are probably especially characteristic of
the sediment in inflammatory disorders.
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(c) Epithelial Casts.—These are casts bearing upon their
surface epithelial cells from the lining of the uriniferous
tubules (Fig. 110, p. 333). The basic material of this form of
cast may be hvaline or granular in nature. Epithelial casts
are particularly abundant in the urinary sediment in acute
nephritis.

(d) Blood Casts—Casts of this type may consist of ery-
throcytes borne upon a hyaline or a fibrinous basis (Fig. 111,
below). The occurrence of such casts in the urinary sediment

FiG. 111.

Broon, Pvus, HyaLikeE axp EriTHELIAL CASTS.

a, Blood casts; b, pus east; ¢, hyaline cast impregnated with renal eells; 4,
epithelial casts.

denotes renal hmmorrhage and they are considered to be
especially characteristic of acute diffuse nephritis and acute
congestion of the kidney.

(e) Fatiy Casts.—Fatty casts may be formed by the deposi-
tion of fat globules or crystals of fatty acid upon the surface
of a hyaline or granular cast (Fig. 112, p. 335). In order to
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constitute a true fatty cast the deposited material must cover
the greater part of the surface area of the cast. The presence
of fatty casts in urinary sediment indicates fatty degeneration
of the kidney ; such casts are particularly characteristic of sub-
acute and chronic inflammations of the kidney.

Fic. 114.

CyLiwproips. (After Feyer.)

(f) Waxy Casts.—These casts possess a basic substance
similar to that which enters into the foundation of the hyaline
form of cast. In common with the hyaline type they are color-
less, refractive bodies but differ from this form of cast in be-
ing, in general, of greater length and diameter and possessing
sharper outlines and a light yellow color (Fig. 113, p. 335).
Such casts occur in several forms of nephritis but do not
appear to characterize any particular type of the disorder ex-
cept amyloid disease, in which they are rather common,

(g) Pus Casts.—Casts whose surface is covered with pus
cells or Jeucocytes are termed puscasts (Fig. 111,p. 334. They
are frequently mistaken for epithelial casts. The differentia-
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tion between these two types is made very simple however
by treating the cast with acetic acid which causes the nuclei of
the leucocytes to become plainly visible. The true pus cast is
quite rare and indicates renal suppuration.

Cylindroids.—These formations may occur in normal or
pathological urine and have no particular clinical significance.
They are frequently mistaken for true casts, especially the hya-
line type, but they are ordinarily flat in structure with a rather
smaller diaméter than casts, may possess forked or branching
ends and are not composed of homogeneous material as are the
hyaline casts. Such * false casts ” may become coated with
urates, in which event they appear granular in structure. The
basic substance of cylindroids is often the nucleo-proteid of
the urine (see Fig. 114, page 336).

Erythrocytes.—These form elements are present in the
urinary sediment in various diseases. They may appear as

CrenaTEr ERYTHROCYTES.

the normal biconcave, yellow erythrocyte (Plate IV, opposite
page 151) or may exhibit certain modifications in form such as
the crenated type (Fig. 115, above) which is often seen in con-

23









CHAPTER XX.
URINE: CALCULL

Urinary caleuli, also called concretions, or concrements are
solid masses of urinary sediment formed in some part of the
urinary tract. They vary in shape and size according to their
location, the smaller calculi termed sand or gravel in general
arising from the kidney or the pelvic portion of the kidney,
whereas the large calculi are ordinarily formed in the bladder.
There are two general classes of calculi as regards composition,
i. e., simple and compound. The simple form i1s made up of
but a single constituent whereas the compound type contains
two or more individual constituents. The structural plan of
most caleuli consists of an arrangement of concentric rings
about a central nucleus, the number of rings frequently being
dependent upon the number of individual constituents which
enter into the structure of the calculus. In case two or more
calculi unite to form a single calculus the resultant body will
obviously contain as many nuclei as there were individual
calculi concerned in its construction. Under certain conditions
the growth of a calewlus will be principally in only one direc-
tion thus preventing the nucleus from maintaining a central
location. The qualitative composition of urinary caleuli is
dependent, in great part, upon the reaction of the urine e. g.,
if the reaction of the urine is acid the calculi present will be
composed, in great part at least, of substances that are capable
of depositing in acid urine.

According to Ultzmann, out of 545 cases of urinary calcu-
lus, uric acid and urates formed the nucleus in about 81 per
cent of the cases; earthy phosphates in about g per cent; calcium
oxalate in about 6 per cent; cystin in something over 1 per cent,
while in about 3 per cent of the cases some foreign body com-
prised the nucleus.
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'CHAPTER XXI,
URINE: QUANTITATIVE ANALYSIS.

I. Proteid.

1. Scherer’s Coagulation Method.—The content of coag-
wlable proteid may be accurately determined as follows: Place
50 c.c. of urine in a small beaker and raise the temperature
of the fluid to about 40° C. upon a water-bath. Add dilute
acetic acid, drop by drop, to the warm urine, to precipitate
the proteid which will separate in a flocculent form. Care
should be taken not to add too much acid; ordinarily less than
twenty drops 1s sufficient. The temperature of the water in the
water-bath should now be raised to the boiling-point and main-
tained there for a few minutes in order to insure the complete
coagulation of the proteid present. Now filter the urine
through a previously washed, dried and weighed filter paper,
wash the precipitated proteid, in turn, with hot water, g5 per
cent alcohol and with ether, and dry the paper and precipitate,
to constant weight, in an air-bath at 110° C. Subtract the
weight of the filter paper from the combined weight of the
paper and precipitate and calculate the percentage of proteid
in the urine specimen.

Calculation—To determine the percentage of proteid pres-
ent in the urine under examination, multiply the weight of the
precipitate, expressed in grams, by 2.

2. Esbach’s Method.—This method depends upon the
precipitation of proteid by Esbach’s reagent’ and the appa-
ratus used in the estimation is Esbach’s albuminometer (Fig.
117,p.345). In making a determination fill the albuminometer
to the point U with urine, then introduce the reagent until the
point R is reached. Now stopper the tube, invert it slowly

*Esbach’'s reagent is prepared by dissolving 10 grams of picric acid
and 20 grams of citric acid in 1 liter of water.
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to 1 c.c. of the diluted urine to flow into the boiling Fehling’s
solution. Bring the solution to the boiling-point after each
addition of urine and continue running in the urine from the
burette, 0.5-1 c.c. at a time, as indicated, until the Fehling's
solution is completely reduced, 1. e., until all the cupric oxide
in solution has been precipitated as cuprous oxide. This point
will be indicated by the absolute disappearance of all blue color.
When this end-point is reached note the number of cubic
centimeters of diluted urine used in the process and calculate
the percentage of dextrose present, in the sample of urine
analyzed, according to the method given on page 347.

This 1s a very satisfactory method, the main objection to
its use being the uncertainty attending the determination of
the end-reaction, i. ¢., the difficulty with which the exact
point where the blue color finally disappears is noted. Sev-
eral means of accurately fixing this point have been suggested
but they are practically all open to objection. As good a
“check ” as any, perhaps, is to filter a few drops of the solu-
tion, through a double paper, after the blue color has appar-
ently disappeared, acidify the filtrate with acetic acid and add
potassium ferrocyanide. If the copper of the Fehling's solu-
tion has been completely reduced, there will be no color reac-
tion, whereas the production of a brown color indicates the
presence of wnreduced copper. Harrison has recently sug-
gested the following procedure to determine the exact end-
point: To about 1 c.c. of a starch iodide solution® in a test-
tube add 2-3 drops of acetic acid and introduce into the
acidified mixture 1—2 drops of the solution to be tested. Un-
rediced copper will be indicated by the production of a pur-
plish-red or blue color due to the liberation of iodine.

It is ordinarily customary to make at least three deter-

* The starch-iodide solution may be prepared as follows: Mix 0.1 gram
of starch with cold water in a mortar and pour the suspended starch
granules into 75-100 c.c. of boiling water, stirring continuously. Cool the
starch paste, add 20-25 grams of potassium iodide and dilute the mixture

to 250 c.c. This solution deteriorates upon standing, and therefore must
be freshly prepared as needed.

I
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bring the solution to the boiling-point and add the urine, drop
by drop, until the intensity of the blue color begins to diminish.
When this point is reached add the urine somewhat niore slozvly
until the blue color is entirely dissipated and an absolutely
decolorized solution remains. Take the burette reading and
calculate the percentage of dextrose in the urine examined
according to the method given below.

Care should be taken not to boil the solution for too long
a period, since, under these conditions, sufficient ammonia
might be lost to allow the cuprous hydroxide, CuOH, to
precipitate.

Some investigators consider it to be advisable to dilute the
urine before applying the above manipulation, but ordinarily
this is not necessary unless the urine has a high content of
dextrose (5 per cent or over). In this event the urine may
be diluted with 2—3 volumes of water and the proper correc-
tion made in the calculation.

Calculation.—Thirty-five c.c. of Purdy's solution 1s com-
pletely reduced by 0.02 gram of dextrose. If y represents
the number of cubic centimeters of undilufed urine necessary
to reduce 35 c.c. of Purdy’s solution, we have the following
proportion :

y:0.02::100: 4 (percentage of dextrose).

3. Fermentation Method.—This method consists in the
measurement of the volume of CO, evolved when the dex-
trose of the urine undergoes fermentation with yeast. None
of the various methods whose manipulation is based upon this
principle is absolutely accurate. The method in which Ein-
horn’s saccharometer (Fig. 2, page 10) is the apparatus em-
ployed is perhaps as satisfactory as any for clinical purposes.
The procedure is as follows: Place about 15 c.c. of urine in

the determination, inasmuch as the cuprous salts would be reoxidized
upon coming in contact with the air. If one is careful to maintain the
solution continuously at the boiling-point throughout the entire process,
however, there is no opportunity for air to enter and therefore no need
of an air-valve.

Sl o
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100 c.c. of the filtrate to a beaker, add 5 c.c. of concentrated
ammoma and allow the mixture to stand for 24 hours.
Transfer the precipitated ammonium urate quantitatively to
a filter plant,’ using 10 per cent ammonium sulphate to
remove the final traces of the urate from the beaker. Wash
the precipitate approximately free from chlorides by means
of 10 per cent ammonium sulphate solution, remove the paper
from the funnel, open it and by means of hot water rinse
the precipitate back into the beaker in which the urate was
originally precipitated. The volume of fluid at this point should
be about 100 c.c. Cool the solution to room temperature, add
15 c.c. of concentrated sulphuric acid and titrate at once with
sy potassium permanganate, K,Mn,Og, solution. The first
tinge of pink color which extends throughout the fluid after
the addition of fwo drops of the permanganate solution, while
stirring with a glass rod, should be taken as the end-reaction.
Take the burette reading and compute the percentage of uric
acid present in the urine under examination.

Calculation.—Each cubic centimeter of 3 potassium per-
manganate solution i1s equivalent to 3.75 milligrams (0.00375
gram) of uric acid. The 100 c.c. from which the ammonium
urate was precipitated is equivalent to only four-fifths of the
100 c.c. of urine originally taken, therefore we must take
five-fourths of the burette reading in order to ascertain the
number of cubic centimeters of the permanganate solution
required to titrate 100 c.c. of the original urine to the correct
end-point. If v represents the number of cubic centimeters
of the permanaganate solution required, we may make the
following calculation : ;

Yy X 0.00375 = weight of uric acid in 100 c.c. of urine,
Calculate the quantity of uric acid in the twenty-four hour
urine specimen.

2. Heintz Method.—This i1s a very simple method and
was the first one in general use for the quantitative determi-

!'The Schleicher and Schill hardened papers are the best for this purpose.

A
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and finally invert the tube and fix the stoppered end in
the saucer-shaped vessel. By means of the graduated pi-
pette rapidly mtroduce 1 c.c. of urine' into the hypobromite
solution through the side open-
ing of the bulbed-tube. With-
draw the pipette immediately
after the urine has been intro-
duced. When the decomposi-
tion of the urea is completed
(10-20 minutes) gently tap
the bulbed-tube with the finger
in order to dislodge any gas-bub-
bles which may have collected
on the inner surface of the glass.
The atmospheric pressure should
now be equalized by attach-
ing the funnel-tube to the
bulbed-tube at the side opening
and introducing hypobromite
solution into i1t until the columns

of liquid in the two tubes are

M"ms”‘”‘"IEEI!‘J‘::;:JAP“RMUE' uniform in height. The gradu-

a, Bulbed measuring tube; b, ated scale of the bulbed-tube
?3;::::313“'3&,:;:?’“11}: graduated  ohould now be read in order

to determine the number of
cubic centimeters of nitrogen gas evolved. By means of the
appended formula the weight of the urea present in the urine
under examination may be computed.

Calculation.*—By properly substituting in the following
formula the weight of urea, in grams, contained in the volume
of urine decomposed (1 c.c. or more) may readily be deter-
mined :

Fig. 118

- .'|"I1“'|'|'|lIIIII'|'|I1|I!1'ﬂIl'l'llrH|I|1IIFI1IILr||IIﬁ'I'|'|l_I-IIH RS

RIELIACIAEIEL AN d Ak 1411 LRI LRI AU R Y

' Ordinarily 1 c.c. of urine is sufficient; more may be used, however, if
its content of urea 1s very low.

? 0.003665 = coefficient of expansion of gases for 1° C. 354.5= number
of c.c. of nitrogen gas evolved from 1 gram of urea.
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under examination. Carefully wash out tube A with water
and introduce into it sodium hypobromite solution® being care-
ful to fill the bulb sufficiently full to prevent the entrance of air
into the graduated portion.
Now allow 1 c.c. of urine?
to flow from tube B into
tube A and after the evo-
lution of gas bubbles has
ceased (10—20 minutes) take
the reading of the graduated
scale on tube A.

In common with all other
methods which are based
upon the decomposition of
urea by means of hypobro-
mite solution, this method
is not absolutely correct. It
is, however, sufficiently ac-
curate for ordinary clinical
purposes.

Calculation—Observe the
reading on the graduated
scale of tube A. This tube
is so graduated as to rep-
resent the weight of urea,
in grams, per cubic centi-
meter of urine. If we wish
to compute the percentage
of urea present this may be
done very readily by simply
moving the decimal point fzvo
places to the right, e. g., if the reading is 0.02 gram the urine
contains 2 per cent of urea.

' For directions as to the preparation of this solution see page 35I.

*1f the content of urea in the urine under examination is large, the
urine may be diluted with water before determining the urea. If this is
done it must of course be taken into consideration in computing the con-
tent of urea.

FiG. 110.

et R T TR

Hirxer's UrEA APPARATUS.
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a few moments to iree it from CO,, then cool and titrate the
mixture with % sodium hydroxide, using “ alizarin red” as
indicator,

A * check ” experiment should always be made to determine
the original ammonia content of the urine and of the magne-
sium chloride, if it is not ab-
solutely pure, which of course
should be subtracted from the
total amount of ammonia as
determined by the above process.

The Folin method is extremely
accurate under all conditions
except when the urine contains
sugar. When this is the case
the carbohydrate and the urea
unite, upon being heated, and
form a very stable combination.
For this reason the Folin method
is not suitable for use in the
examination of such urines.
The best method for use under
such conditions is the combi-
nation Morner-Sjogvist-Folin
method which 1s given below.

4. Morner - Sjoqvist - Folin
Method.—As has already been
stated in the last experiment
this method excels the Folin
method in accuracy only in the
determination of urea in the
presence of carbohydrate bodies. Briefly the procedure is as
follows:' Bring the major portion of 1.5 grams of powdered
barium hydroxide into solution in 5 c.c. of urine in a small

FiGc. 121,

Forin's Urea APPARATUS.

*The original description of the method may be found in an article by
Maorner: Skandinavisches Archiv fiir Physiologie, 1003, xiv, p. 207.
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water and a few drops of an indicator (* alizarin red ”). To
insure the complete absorption of the ammonia the absorption

FiG. 122

FoLin's AMMONIA APPARATUS.

flask is provided with a Folin absorption tube (Fig. 123, p. 359)
which is very effective in causing the air passing from the
cylinder to come into intimate contact with the acid in the
absorption flask. In order to exclude any error due to the
presence of ammonia in the air a similar absorption apparatus
to the one just described is attached to the other side of the
@rometer cylinder, thus insuring the passage of ammonia-free
air into the cylinder. With an ordinary filter pump and good
water pressure the last trace of ammonia should be removed
from the cylinder in about one and one-half hours.! The
number of cubic centimeters of the % sulphuric acid neutral-
ized by the ammonia of the urine may be determined by direct
titration with 5% sodium hydroxide.

This is one of the most satisfactory methods yet devised for
the determination of ammonia. :

*With any given filter pump a “check” test should be made with urine
or better with a solution of an ammonium salt of known strength to de-
termine how long the air current must be maintained to remove all the
ammonia from 25 c.c. of the solution.
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it is colorless (about one hour). Allow the flask to cool and
transfer' the contents, by means of about 200 c.c. of water,
to a 750 c.c. Jena glass distillation flask. Add a little more
of a concentrated solution of NaOH than is necessary
to neutralize the sulphuric acid® and introduce into the flask
a little coarse pumice stone or a few pieces of granulated
zinc, to prevent bumping, and a small piece of paraffin to
lessen the tendency to froth. By means of a safety-tube
connect the flask with a condenser so arranged that the de-
livery-tube passes into a wvessel containing a known volume
(the volume used depending upon the nitrogen content of
the urine) of Y sulphuric acid, using care that the end of
the delivery-tube reaches beneath the surface of the fluid.?
Mix the contents of the distillation flask very thoroughly by
shaking and distil the mixture until its volume has diminished
about one-half. Titrate the partly neutralized 7§ sulphuric
acid solution by means of {% sodium hydroxide, using congo
red as indicator, and calculate the content of nitrogen of the
urine examined.

Calculation.—Subtract the number of cubic centimeters
of 1 sodium hydroxide used in the titration from the number
of cubic centimeters of {; sulphuric acid taken. The re-
mainder is equivalent to the number of cubic centimeters of %
sulphuric acid, neuiralized by the ammonia of the wurine.
One c.c. of 7% sulphuric acid is equivalent to 0.0014 gram of
nitrogen. Therefore, if y represents the volume of urine used
in the determination, and ' the number of cubic centimeters of
15 sulphuric acid neutralized by the ammonia of the urine, we
have the following proportion :

'A very satisfactory modification of this procedure includes the use of a
750 c.c. flask for both the digestion and the distillation, thus making unnec-
essary any fransfer of contents.

* This concentrated sodiym hydroxide solution should be prepared in
quantity and “ check ™ tests made to determine the volume of the solution
necessary to neutralize the volume (20 c.c.) of concentrated sulphuric
acid used.

¥This delivery-tube should be of large caliber in order to avoid the
“sucking back” of the Aud.

il e
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Calculation.—Subtract the weight of the Gooch crucible
from the weight of the crucible and the BaSO, precipitate
to obtain the weight of the precipitate. The weight of SO,!
in the volume of urine talken may be determined by means of
the following proportion :

Mol wi. Wt. of Mol Wt.
BaSO,: BaS0,::S0;:x (wt. of SO, in grams).
ppt.

Representing the weight of the BaSO, precipitate by y and
substituting the proper molecular weights, we have the follow-
ing proportion:

231.7:y::79.5:4 (wt. of SO, in grams in the quantity of
urine used).

Calculate the quantity of SO, in the twenty-four hour
specimen of urine.

To express the result in percentage of SO, simply divide
the value of x, as just determined, by the quantity of urine
used.

2. Inorganic Sulphates.—Folin's Method.—Place 25 c.c.
of urine and 100 c.c. of water in a 200-250 c.c. Erlenmeyer
flask and acidify the diluted urine with 10 c.c. of dilute hydro-
chloric acid (1 volume of concentrated HCI to 4 volumes of
water). In case the urine is dilute 50 c.c. may be used instead
of 25 c.c. and the volume of water reduced proportionately.
From this point proceed as indicated in the method for the
determination of Total Sulphates, page 361.

Calculate the quantity of inorganic sulphates, expressed as
SO, in the twenty-four hour urine specimen.
whose bottoms are not provided with a non-perforated cap, are used, the
crucible may be placed upon the lid of an ordinary platinum crucible
during ignition. The lid should be supported on a triangle, the crucible

placed upon the lid and the flame applied to the improvised bottom. Igni-
tion should be complete in 10 minutes if no organic matter is present.

It is considered preferable by many investigators to express all sulphur
values in terms of S rather than SOs
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crucible to cool for a few minutes, add about 100 c.c. of water
to the contents and heat at least one-half hour, to dissolve
the alkali and decompose the sodium peroxide. Next rinse
the mixture into a 400-450 c.c. Erlenmeyer flask, by means
of hot water, and dilute 1t to about 250 c.c. Heat the solu-
tion nearly to the boiling-point and add concentrated hydro-
chloric acid slowly until the nickelic oxide, derived from the
crucible, is just brought into solution.' A few minutes boiling
should now yield a ¢lear solution. In case too little peroxide
or too much water was added for the final fusion a clear
solution will not be obtained. In this event cool the solution
and remove the insoluble matter by filtration. :

To the clear solution add 5 c.c. of very dilute alcohol (about
18-20 per cent) and continue the boiling for a few minutes.
The alcohol is added to remove the chlorine which was formed
when the solution was acidified. Add 10 c.c. of a 10 per cent
solution of barium chloride, slowly, drop by drop,® to the
liquid. Allow the precipitated solution to stand in the cold
two days and then flter and continue the manipulation accord-
ing to the directions given under Total Sulphates, page 361.

Calculation—Make the calculation according to directions
given under Total Sulphates, p. 361. Calculate the quantity
of sulphur, expressed as SO, or S, present in the twenty-four
hour urine specimen.

5. Total Sulphur.—Sodium Hydroxide and Potassium
Nitrate Fusion Method.—Place 25 c.c. of urine in a silver
crucible and evaporate to a thick syrup on a water-bath. Add
10 grams of sodium hydroxide and 2 grams of potassium
nitrate to the residue and fuse the mass, over an aleohol flame,
until all organic matter has disappeared and the fused mixture
is clear. Cool the mixture, transfer it to a casserole, by means
of hot water, acidify slightly with hydrochloric acid and evap-
orate it to dryness on a water-bath. Moisten the residue
with a few drops of dilute hydrochloric acid and bring it into

I About 18 c.c. of acid is required for 8 grams of sodium peroxide.
*See note (2) at the bottom of page 361.

oo i
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Fic. 124.

il

BerTHELOT-ATwaTER BoMme CALORIMETER. (CROSS-SECTION OF APPARATUS
As Reapy ror Usk.)

A, Steel cup or bomb proper; C, collar of steel; G, opening through which
oxygen is foreed into the bomb ; H and 17, insulated wires which serve to conduet
an electric current for igniting the substance which is held in the small capsule;
L, a stirrer which serves to keep the water surrounding the bomb in motion and
insures the equalization of temperature ; P, a delicate thermometer which shows
the rise in temperature of the water surrounding the bomb.
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add an excess of ammonium hydroxide and allow the mixture
to stand 12-24 hours. Under these conditions the phosphoric
acid in combination with the alkaline earths, calcium and mag
nesium, is precipitated as phosphates of these metals. Col-
lect the precipitate on a filter paper and wash it with very
dilute ammonium hydroxide. Pierce the paper, and remove
the precipitate by means of hot water. DBring the phosphates
into solution by adding a small amount of dilute acetic acid
to the warm solution. Make the volume up to 50 c.c. with
water, add 5 c.c. of sodium acetate solution and determine
the P,O; content of the mixture according to the directions
given under the previous method.

Calculation.—Multiply the number of cubic centimeters of
uranium acetate solution used by 0.005 to determine the num-
ber of grams of P,O, in the 100 c.c. of urine used. Since
100 c.c. of urine was taken this value also expresses the per-
centage of P,O; present.

Calculate the quantity of earthy phosphates, in terms of
P.O;, present in the twenty-four hour urine specimen.

The quantity of phosphoric acid present in combination
with -the alkali metals may be determined by subtracting the
content of earthy phosphates from the total phosphates.

3. Total Phosphorus.—Soduun Hydroxide and Potassium
Nitrate Fusion Method.—Place 25 c.c. of urine in a large
silver crucible and evaporate to a syrup on a water-bath. Add
10 grams of NaOH and 2 grams of KNQOj, to the residue and
fuse the mass until all organic matter has disappeared and the
fused mixture is clear. Cool the mixture, transfer it to a
casserole by means of hot water, acidify the solution slightly
with pure nitric acid and evaporate to dryness on a water-bath.
Moisten the residue with a few drops of dilute nitric acid, dis-
solve it in hot water and transfer to a beaker. Now add an
equal volume of molybdic solution' and keep the mixture at
40° C. for twenty-four hours. Filter off the precipitate, wash
it with dilute molybdic solution and dissolve it in dilute am-

! Directions for the preparation of the solution are given on page 37.
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Place 10 c.c. of urine in a 500 c.c. volumetric flask, add 15 c.c.
of a saturated solution of picric acid and 5 c.c. of a 10 per cent
solution of sodium hydroxide and allow the mixture to stand
for 5-6 minutes. During this interval pour a little § potas-
sium bichromate solution' into each of the two cylinders of
the colorimeter (Duboscq’s) and carefully adjust the depth of
the solution in one of the cylinders to the 8 mm. mark. A few
preliminary colorimetric readings may now be made with the
solution in the other cylinder, in order to insure greater accu-
racy in the subsequent examination of the solution of unknown
strength. Obviously the two solutions of potassium bichromate
are identical in color and in their examination no two readings
should differ more than 0.1-0.2 mm. from the true wvalue
(8 mm.). Four or more readings should be made in each case
and an average taken of all of them exclusive of the first read-

ing, which is apt to be less accurate than the succeeding read- |

ings. In time as one becomes proficient in the technique it is
perfectly safe to take the average of the first two readings.

At the end of the 5-6 minute interval already mentioned, the
contents of the 500 c.c. flask are diluted to the 500 c.c. mark,
the bichromate solution is thoroughly rinsed out of one of the
cylinders with the solution thus prepared and a number of
colorimetric readings are immediately made.

Ordinarily 10 c.c. of urine is used in the determination by
this method but if the content of creatinin is above 15 mg. or
below 5 mg. the determination should be repeated with a
volume of urine selected according to the content of creatinin.
This variation in the volume of urine according to the content
of creatinin is quite essential since the method loses in accuracy
when more than 15 mg. or less than 5 mg. of creatinin is pres-
ent in the solution of unknown strength.

Calculation—PBy experiment it has been determined that
10 mg. of pure creatinin, when brought into solution and di-
luted to 500 c.c. as explained in the above method, yields a
mixture 8.1 mm. of which possesses the same colorimetric

' This solution contains 24.55 grams of potassium bichromate to the liter.

1
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This standard solution should be run in from a burette,
stirring the liquid in the beaker after each addition. The end-
reaction is reached when the vellow color of the solution
changes to a slight orange-red. At this point take the burette
reading and compute the percentage of chlorine and sodium
chloride in the urine examined.

Calculation.—Since 1 c.c. of the standard argentic nitrate
solution is equivalent to o.o1o gram of sodium chloride, to
obtain the weight, in grams, of the sodium chloride in the 10
c.c. of urine used multiply the number of cubic centimeters of
standard solution used by o.o10. If it is desired to express the
result in percentage of sodium chloride move the decimal point
one place to the right.

To obtain the weight, in grams, of the chilorine in the 10 c.c.
of urine used multiply the number of cubic centimeters of
standard solution used by 0.006, and if it is desired to express
the result in percentage of chlorine move the decimal point one
place to the right.

Calculate the quantity of sodium chloride and chlorine in
the twenty-four hour urine specimen.

2. Volhard-Arnold Method.—Place 10 c.c. of urine in a
100 c.c. volumetric flask, add 20-30 drops of nitric acid (sp. gr.
1.2) and 2 c.c. of a cold saturated solution of ferric alum. If
necessary, at this point a few drops of an 8 per cent solution
of potassium permanganate may be added to dissipate the red
color. Now slowly run in the standard argentic nitrate® solu-
tion (20 c.c. is ordinarily used) until all the chlorine has been
precipitated and an excess of the argentic nitrate solution 1is
present, continually shaking the mixture during the addition
of the standard solution. Allow the flask to stand 10 minutes,
then fill it to the oo c.c. graduation with distilled water and
thoroughly mix the contents. Now filter the mixture through
a dry filter paper, collect 50 c.c. of the filtrate and titrate it with

centimeter of this solution is equivalent to o.010 gram of sodium chloride
or to 0.006 gram of chlorine.
'See note (2) at the bottom of page 371.
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XI. Acetone.

Messinger-Huppert Method.—FPlace 100 c.c. of urine in
a distillation flask and add 2 c.c. of 50 per cent acetic acid.
Connect the flask with a condenser, properly arrange a re-
ceiver, attach a terminal series of bulbs containing water and
distil over about nine-tenths of the urine mixture. Removethe
receiver, attach another and subject the residual portion of the
mixture to a second distillation. Test this flmd for acetone
and if the presence of acetone 1s indicated add about 100 c.c.
of water to the residue and again distil. Treat the united
acetone distillates with 1 c.c. of dilute (12 per cent) sul-
phuric acid and redistil, collecting this second distillate in a
glass-stoppered flask. During distillation, however, the glass
stopper is replaced by a cork with a double perforation, the
glass tube from one perforation passing to the condenser,
while the bulbs containing water, before-mentioned, are at-
tached by means of the tube in the other perforation. Allow
the distillation process to proceed until practically all of the
fluid has passed over, then remove the receiving flask and
insert the glass stopper. Now treat the distillate carefully
with 10 c.c. of a % solution of iodine and add sodium hydroxide
solution, drop by drop, until the blue color is dissipated and
the iodoform precipitates. Stopper the flask and shake it
for about one minute, acidify the solution with concentrated
hydrochloric acid, and note the production of a brown color
if an excess of iodine is present. In case there is no such
excess, the solution should be treated with 5% iodine solution
until an excess 1s obtained. Retitrate this excess of iodine
with 7% sodium thiosulphate solution until a light yellow color
1s observed. At this point a few cubic centimeters of starch
paste should be added and the mixture again titrated until
no blue color is visible. This is the end-reaction.

Calculation—Subtract the number of cubic centimeters
of 1 thiosulphate solution used from the volume of {3 iodine

solution employed. Since 1 c.c. of the iodine solution is

equivalent to 0.967 milligrams of acetone, and since I c.c. of
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2. Bergell’s Method.—Render 100-300 c.c. of sugar-free'

urine slightly alkaline with sodium carbonate, evaporate the
alkaline urine to a syrup on a water-bath, cool the syrup,
rub it up with syrupy phosphoric acid (being careful to keep
the mixture cool), 20-30 grams of finely pulverized, anhydrous
cupric sulphate and 2o0-25 grams of fine sand. Mix the mass
thoroughly, place it in a paper extraction thimble? and extract
the dry mixture with ether in a Soxhlet apparatus (Iig. 125
page 380). Evaporate the ether, dissolve the residue in about
25 c.c. of water, decolorize the fluid with animal charcoal, if
necessary, and determine the content of S-oxybutyric acid by
a polarization test.

3. Boekelman and Bouma'’s Method.—Place 25 c.c. of
urine in a flask, add 235 c.c. of 12 per cent sodium hydroxide

and 25 c.c. of benzoyl chloride, stopper the flask and shake it

vigorously for three minutes under cold water. Remove the
clear fluid by means of a pipette, filter it and subject it to a
polarization test. Through the action of the benzoyl chloride

all the levorotatory substances except B-oxybutyric acid will

have been removed and the levorotation now exhibited by
the urine will be due entirely to that acid.

KIII. Acidity.

Folin’s Method.—The fotal acidity of urine may be deter-
mined as follows: Place 25 c.c. of urine in a 200 c.c. Erlen-
meyer flask and add 15-20 grams of finely pulverized potas-
sium oxalate and 1-2 drops of a 1 per cent phenolphthalein
solution to the fluid. Shake the mixture vigorously for 1—2
minutes and titrate it immediately with % sodium hydroxide
until a permanent faint pink coloration is produced. Take
the burette reading and calculate the acidity of the urine under
examination.

Calculation—If v represents the number of cubic centi-

'1f sugar is present it must be removed by fermentation.

*The Schleicher and Schiill fat-free extraction thimble is very satis-
factory.
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ammoniacal and precipitate the purin bases again with silver
nitrate. Collect this precipitate on a small-sized chlorine-free
filter paper, wash, dry and incinerate it in the usual manner.
Now dissolve the ash in nitric acid and titrate with ammonium
sulphocyanide according to the Volhard-Arnold method (see p.
372). Calculate the content of purin bases in the urine exam-
ined, bearing in mind that in an equal mixture of the silver
salts of the purin bases, such as we have here, one part of sil-
ver corresponds to 0.277 gram of nitrogen or to 0.7381 gram
of the bases. :

XV. Ogxalic Acid.

Salkowski-Autenrieth and Barth Method.—Place the
twenty-four hour urine specimen in a precipitating jar, add
an excess of calcium chloride, render the urine strongly am-
moniacal, stir it well and allow it to stand 18-20 hours.
Filter off the precipitate, wash it with a small amount of
water and dissolve it in about 30 c.c. of a hot 15 per cent
solution of hydrochloric acid. By means of a separatory
funnel extract the solution with 150 c.c. of ether which con-
tains 3 per cent of alcohol, repeating the extraction four or
five times with fresh portions of ether. Unite the ethereal
extracts, allow them to stand for an hour in a flask and then
filter through a dry filter paper. Add 5 c.c. of water to the
filtrate, to prevent the formation of diethyl oxalate when the
solution is heated, and distil off the ether. If necessary,
decolorize the liquid with animal charcoal and filter. Con-
centrate the filtrate to 3—5 c.c., add a little calcium chloride
solution, make it ammoniacal and after a few minutes render
it slightly acid with acetic acid. Allow the acidified solution
to stand several hours, collect the precipitate of calcium oxa-
late on a washed filter paper,® wash, incinerate strongly (to
CaO) and weigh in the usual manner.

Calculation.—Since 356 parts of CaO are equivalent to Qo
parts of oxalic acid, the quantity of oxalic acid in the volume

* Schleicher and Schiill, No. 589, is satisfactory.

it






CHAPTER X311

QUANTITATIVE ANALYSIS OF MILK, GASTRIC
JUICE AND BLOOD.

(a) Quantitative Analysis of Milk.

1. Specific Gravity.—This may be determined conve-
niently by means of a Soxhlet, Veith or Quevenne lactometer.
A lactometer reading of 32° denotes a specific gravity of

Fic. 125.

SOXHLET APPARATUS,

1.032. The determination
should be made at about 60° T,
and the lactometer reading cor-
rected by adding or subtracting
0.1° for every degree F. above
or below that temperature.

2. Fat.—(a) Adams" Paper
Coil Method. —Introduce about
5 c.c. of milk into a small beaker,
quickly ascertain the weight
to centigrams, stand a fat-free
coil' in the beaker and incline
the vessel and rotate the coil in
order to hasten the absorption
of the milk. Immediately upon
the complete absorption of
the milk remove the coil and
again quickly ascertain the
weight of the beaker. The dif-
ference in the weights of the
beaker at the two weighings rep-
resents the quantity of milk
absorbed by the coil. Dry the
coil carefully at a temperature
below 100° C. and extract it
with ether for 3—5 hours in a

' Very satisfactory coils are manufactured by Schleicher and Schiill.

380
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Caleulation.—Divide the weight of the residue, in grams,
by the weight of milk used, in grams. The quotient is the per-
centage of solids contained in the milk examined.

4. Ash.—Teat the dry solids from 2-5 grams of milk,
cbtained according to the method just given, over a very low
flame! until a white or light gray ash is obtained. Cool the dish
in a desiccator and weigh. (This ash may be used in testing
for preservatives according to directions on page 195.)

5. Proteids.—Introduce a known weight of milk (5-10
grams) into a 200300 c.c. Kjeldahl digestion flask and add
20 c.c. of concentrated sulphuric acid and about 0.2 gram of
cupric sulphate. Expel the major portion of the water by
heating over a low flame and finally use a full flame and
allow the mixture to boil 1—2 hours. Complete the deter-
mination according to the directions given under Kjeldahl
Method, page 359.

Calculation—Multiply the fotal nitrogen content by the
factor 6.37% to obtain the proteid content of the milk ex-
amined.

6. Casein.—Mix about 20 grams of milk with 40 c.c. of
a saturated solution of magnesium sulphate and add the salt
in substance until no more will dissolve. The precipitate
consists of casein admixed with a little fat and lacto-globulin.
Filter off the precipitate, wash it thoroughly with a saturated
solution of magnesium sulphate,’ transfer the filter paper and
precipitate to a IKjeldahl digestion flask and determine the
nitrogen content according to the directions given in the pre-
vious experiment.

Calculation—Multiply the total nitrogen by the factor
6.37 to obtain the casein content.

! Great care should be used in this ignition, the dish at no time being
heated above a faint redness, as chlorides may volatilize.

*The usnal factor employed for the calculation of proteid from the
nitrogen content is 6.25 and is based on the assumption that proteids
contain on the average 16 per cent of nitrogen. This special factor of
6.37 is used here to calculate the proteid content from the total nitrogen,
since the principal proteid constituents of milk, i. e., casein and lactalbumin.

contain 15.7 per cent of nitrogen.
3Preserve the filtrate and washings for the determination of lactalbumin.
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dishes.! ILabel the vessels A, B and C, respectively, and pro-
ceed with the analysis according to the directions given below.

1. Total Acidity.>—Add 3 drops of a 1 per cent alcoholic
solution of phenolphthalein® to the contents of vessel 4 and
titrate with % sodium hydroxide solution until a dark pink
color is produced which cannot be deepened by further addi-
tion of a drop of % sodium hydroxide. Take the burette
reading and calculate the total acidity.

Calculation.—The total acidity may be expressed in the
following ways:

1. The number of cubic centimeters of 1% sodium hydrox-
ide solution necessary to neutralize 100 c.c. of gastric juice.

2. The weight (in grams) of sodium hydroxide necessary
to neutralize 100 c.c. of gastric juice,

3. The weight (in grams) of hydrochloric acid which the
total acidity of 100 c.c. of gastric juice represents, 1. ¢., per-
centage of HCI.

The forms of expression most frequently employed are 1
and 3, preference being given to the former.

In making the calculation note the number of cubic centi-
meters required to neutralize 10 c.c. of the gastric juice and
multiply it by 10 to obtain the number of cubic centimeters
necessary to neutralize 100 c.c. of the fluid. If it is desired to
express the acidity of 100 c.c. of gastric juice in terms of hydro-
chloric acid, by weight, multiply the value just obtained by
0.003635."

2. Combined Acidity."—Add 3 drops of sodium alizarin
sulphonate solution” to the contents of vessel B and titrate
with % sodium hydroxide solution until a wiolet color is pro-
duced. In this titration the red color, which appears after

'If sufficient gas}ric juice is not available it may be diluted with water
or a smaller amount, e. g., 5 c.c.,, taken for each determination.

* This includes free and combined acid and acid salts.

*One gram of phenolphthalein dissolved in 100 c.c. of 95 per cent alcohol,

‘One c.c. of 4y hydrochloric acid contains 0.00365 gram of hydrochloric
acid.

*Hydrochloric acid combined with proteid material,

“One gram of sodium alizarin sulphonate dissolved in 100 c.c. of water. f
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Ehrlich’s Diazo Reagent.'—Two separate solutions should
be prepared and mixed in definite proportions when needed
for use.

(@) Five grams of sodium nitrite dissolved m 1 liter of
distilled water.

(b) Five grams of sulphanilic acid and 50 c.c. of hydro-
chloric acid in 1 liter of distilled water.

Solutions a and b should be preserved in well stoppered ves-
sels and mixed in the proportion 1: 350 when required. Green
asserts that greater delicacy is secured by mixing the solution
in the proportion 1:100. The sodium nitrite deteriorates
upon standing and becomes unfit for use in the course of a
few weeks.

Esbach’s Reagent.”—Dissolve 10 grams of picric acid
and 20 grams of citric acid in 1 liter of water.

Fehling’s Solution.”—Fehling’s solution is composed of
two definite solutions—a cupric sulphate solution and an
alkaline tartrate solution, which may be prepared as follows:

Cupric sulphate solution— 34.04 grams of cupric sulphate
dissolved 1n water and made up to 500 c.c.

Alkaline tartrate solution=—=125 grams of potassium hy-
droxide and 173 grams of Rochelle salt dissolved in water and
made up to 300 c.c.

These solutions should be preserved separately in rubber-
stoppered bottles and mixed in equal volumes when needed
for use. This is done to prevent deterioration.

Ferric Alum Solution.'—A cold saturated solution.

Folin-Shaffer Reagent.”—This reagent consists of 300
grams of ammonium sulphate, 5 grams of uranium acetate
and 60 c.c. of 10 per cent acetic acid in 650 c.c. of distilled
water.

Furfurol Solution."—Add 1 c.c. of furfurel to 1000 c.c.
of distilled water.

]
'

' Ehrlich’s diazo reaction, page 3106.

* Esbach’s method, page 344.

*Fehling's method, page 345. Fehling's test, pages 8 and 286.

*Volhard-Arnold method, page 372

*Folin-Shaffer method, page 340.

* Mylius’s modification of Pettenkofer’'s test, pages 122 and 301. wW.
Udransky's test, pages 123 and 3oz.
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304 PHYSIOLOGICAL CHEMISTRY.

the two solutions do not bear this relation to each other they
must be brought into the proper relation by diluting the ura-
nium solution with distilled water or by increasing its strength.

Starch Iodide Solution.'—DMix 0.1 gram of starch powder
with cold water in a mortar and pour the suspended starch
granules into 75-100 c¢.c. of boiling water, stirring continu-
ously. Cool the starch paste, add 20-25 grams of potassium
iodide and dilute the mixture to 250 c.c. This solution deteri-
orates upon standing, and therefore must be freshly prepared
as needed.

Starch Paste.”—Grind 2 grams of starch powder in a mortar
with a small amount of water. Bring 200 c.c. of water to the
boiling-point and add the starch mixture from the mortar with
continnous stirring.  Bring again to the boiling-point and
allow it to cool. This makes an approximate 1 per cent starch
paste which is a very satisfactory strength for general use.

Stokes’ Reagent.’—A solution containing 2 per cent fer-
rous sulphate and 3 per cent tartaric acid. When needed for
use a small amount should be placed in a test-tube and am-
monium hydroxide added until the precipitate which forms on
the first addition of the hydroxide has entirely dissolved. This
produces ammoniwm ferrotartrate which is a reducing agent.

Tanret’s Reagent.'—Dissolve 1.35 grams of mercuric
chloride in 25 c.c. of water, add to this solution 3.32 grams of
potassium iodide dissolved in 25 c.c. of water, then make the
total solution up to 60 c.c. with distilled water and add 20 c.c.
of glacial acetic acid to the mixture.

Tincture of Iodine.*—Dissolve 70 grams of iodine and 50
grams of potassium iodide in 1 liter of g5 per cent alcohol.

Toison’s Solution."—This solution has the following
formula :

' Fehling's method, page 345.

* Experiments on starch, page 24.
* Hemoglobin, page 170. Hazmochromogen, page 173.

' Tanret's test, pages 48 and 203.

® Smith's test, pages 122 and 3oI.
® 4 Blood counting,” page 181.
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